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SECOND ANNUAL 
Report of the State Geologist. 
IOWA GEOLOGIOAL SURVEY, 
DES MOINES, December 29, 1893. 
To Governor Hr>race Boies and Members of the Geological 
Board: 
GENTLEMEN :-1 have the honor to present to you 8 
report of tile operations of the Iowa Geological SUl'Vey 
for tbe past . year. During tbe year 1893 progress bas 
been made as rapidly BS circnmst&nces would permit. In 
'laying out the general plan of the work of the SUl'Vey the 
State bas been rougbly divided into two halves, separated 
approximately by the DUB Moines river. The eastern, or 
more correctly, the northeastern part, has been under the 
general Bupervision of the State Geologist. In the western, 
or southwestern portion, the work has been carried on 
.under the immediate direction of the Assistant State 
Geologist, in whose report will be fouud a fuller statement 
of the operations in that quarter of the State. On account 
of the very great importance of the coal deposits of Iowa, 
when compared from an economic point of view with any 
other single mineral product, the energies of the Survey 
have been directed to their investigation BS one of the 
19 
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principnllincs of work. These investigations have been 
pursued both in the field and in the laboratory. The field 
work has been done by the Assistant State Geologist aided 
by otber members of the Survey; the researches in the 
laboratory have been conducted by the Ohemist. All 
geological phenomena connected with the accumulation 
and formation of coal, as well as its areal and stratigraphical 
distribution, have received desel'Ved attention. But while 
the coal has been one of the chief objects of investigation, 
the clays, building stones, lime-burning rocks, soils, and 
other geological deposits of the coal-producing counties 
possessing an economic interest haye not been neglected. 
Inasmuch, indeed; as the clay industries of Iowa are des-
tined soon to take higl). rank as sources of public and 
private wealth, the clay deposits, particularly south and 
west of the margin of the Carboniferous outcrops, have 
been the subject of special investigation. Since, however, 
all the work in the southwest half of the State has been 
done under the immediate direction of Dr. Keyes, reference 
should be made to his administrative report for fuller 
details of what has been undertaken and what accom-
pHshed in the counties occupied by deposits of the 
Carboniferous and CretaceouB periods. 
AU the material requiring special chemical analysis has 
been examined by Professor Patrick. The extent and 
general character of this work is fully outlined in the 
accompanying report of the Chemist. 
In eastern and northeastern Iowa, embracing the region 
occupied by Cambrian, Silurian and Devonian strata, the 
work has been pushed. I have personally given more 
than three months to active field work, beginning in Alla-
makee county in the extreme northeast, and carrying the 
observations into "'\Yinneshiek, Clayton, Fayette, Dubuque, 
;1 
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Delaiva!'e and Jones counties. The greater portion of the 
time wns spent in ·Allamakee. The other counties men-
tioned need to be examined somewhat more in detail before 
it will be possible to prepare a satisfactory final report on 
their geological resources. It is in Allamakee county 
that we find the earliest of Iowa's Paleozoic strata. 
Omitting for the present the Sioux Quartzite of Lyon 
county, with respect to the age of which a definite opinion 
cannot yet be expressed, it may he said that in Allamakee 
are exposed the fouudations upon which all the geological 
strata of the state have been huilt up. The Cambrian aud 
Silurian strata ofllol'theastern Iowa pass under a large pro-
portion of the state, probably under it all ; and it so happens 
that some of them possess a very direct economic interest, 
even in counties where they are buried under many hun-
dreds of feet of younger sediments. The artesian waters 
of eastern Iowa have thei!: source either in the Saint Peter 
or the Saint Croix sandstones; and usually the first ques-
tion asked by the prospector for natural gas has respect 
to the depth of the Trenton limestone beneath the point 
chosen for the location of his well. Allamakee county 
furthermore is unlike the greater part of Iowa, in that it 
lies within the driftless area. The.effects of erosion dur-
ing the immeasurably long period since this corner of 
Iowa was permanently elevated above S6a level, have be~n 
nowhere obscured, as in other portions of the state, by n 
mantic of glacial detritus. The river valleys have been 
cut "omething like six hundred feet below the level of the 
adjacent divides, and the edges of the geologic strata have 
been exposed to an extent uuapproached outside the drift;. 
less area. Some of the formations thus exposed yield 
bnilding stones of a quality unexcelled in the Mississii>pi 
valley, Borne are rich in deposits of lead ore, extem;ive 
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beds of iron ore occur in certain localities, ocher suitable 
for mineral paint is found in large quantities, while lining 
the valleys and spreading over even the highest hiBs are 
soils unique in origin and unsurpassed in fertility. For 
these reaSODS Allamakee county was properly selected 8S 
a typical area to be thoroughly studied and used as a 
standard with which adjacent areas might be compared. 
Certain geological questions can be studied and settled· in 
Allamakee county better than elsewhere on account of the 
unusual facilities which the peculiar topographic features 
of the region afford. The determination of certain geo-
logical problems in one area at once affords a key to the 
explanation of geological phenomena elsewhere, and hence 
careful work in one locality is often the best and surest 
way of reducing the expense of pursuing satisfactory 
investigations in others. 
Mr. H. F. Bain has spent considerable time in inves-
tigating the coal deposits east of the Des Moines river and 
along the Mississippi in Scott and Muscatine counties. 
He has also made some geological observations in Mahaska 
and Keokuk counties with the view of ascertaining more 
in detail, during the coming season, the economic resources 
of these districts. 
Mr. A. G. Leonard spent several weeks in the lead and 
zinc regions of northeastern Iowa with the view of determ-
ining the extent of the present industry, and of learning 
more particularly the extent of the ore deposits. This 
l't'ork wil1 be continued at the beginning of the coming 
season. 
~Ir. F. ])L Fultz, of the Burlington high school, has 
made observations in Des ])[oines county with special ref-
erence to the distribution of the different geological forma-
tions. This work will form the basis of the more strictly 
" ;. 
ltEPORT OF STATE GEOLOGIST. 23 
economic work of the county. Incidentally he ha. also 
given attention to some unusually fine glacial scorings 
which have been discovered in this part of the state. 
PartIy gratuitously and partIy at a nominal snm above 
expenses, Professor Wm. H. Norton, of Mt. Vernon, has 
given to geological investigation the time that could be 
spared from his work in Cornell college. His duties with the 
Survey led him to study in detail the geological structure 
and the points of economic interest in Linn county. His 
researches have brought ont many things that will be of 
interes.t to students of geological science not less than to 
tl?osewho are interested in geological deposits only so for as 
such deposits may become sources of immediate or pros-
pective wealth. Professor Norton has also coUected infor-
mation regarding certain artesian and other deep· wells, 
and has given considerable time to the study of ontliers of 
,Carboniferous strata in counties belonging within the 
pl'oper Silurian and Devonian areas of Iowa. 
Volunt ... · As8iatanIB.-In Delaware county, Professor 
A. G. B. Wilson of Hopkinton, has been devoting the time 
he conld spare from his regular duties to geologicaI'work. 
His time is given freely without pay, and his investiga-
tions will furnish detailed information with regard to the 
geological resources of a very important area. 
Professor F. D. Merritt has made notes 011 the geology 
of Fayette county, giving special attention to soils and 
Pleistocene deposits. 
. Dr. P. J. Farnsworth has collected data respecting the 
geological phenomena of the region abont Clinton, in 
Clinton connty. Professor F. M. Witter has rendered 
similar service in Muscatine. }Ir. Fred M. Irish began 
IVork abont Dubuque, but owing to press of other duties 
he \Vas only able to continue his investigations for a few 
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months. The work of al1 these volunteer assistants can 
be utilized to the great advantage of the Survey, and I 
desire hert:: to make .acknowledgment of my appreciation 
of their sel'\'ice~; they have not only gh'en their time 
without pay, but ill most instances ha\'e generously borne 
their own expenses. 
jJIupping.-In Great Britain and on the continent of 
Europe accurate topographical maps are not only made 
the ·bnsis for geological mapping, but used in the field, 
they greatly facilitate the process of geological inyestiga-
tion. The United States Geological Survey has devoted 
a considerable share of its energies to the making of topo-
graphic maps as a basis for geological work. By a large 
proportion of geologists correct maps are regarded as 
absolutely essential to successful field investigation. 
In Iowa elaborate topographical maps are out of the 
question. This work cannot be carried on extensively 
unless the scope and purposes of the Survey were very 
greatly enlarged. Work, however, in this direction has 
heert undertaken on a limited scale. Three areas of the 
state, of rather small extent, have been thought worthy of 
mapping with tIle purpose of representing accurately in 
selected typical arens, embracing a limited number of 
square mHes, certain geological facts of special impor-
tance. 
The first of these areas, including about fifty square 
miles, covers the gypsum field about Fort Dodge. The 
field work in this area was done by Ur. E. H. Lonsdale 
and .Ml'. l!'red Hess. 'rhe great commercial -value of the 
gypsum made it desirable to ascertain the areal extent of" 
the deposit, and to learn accurately its relation to other 
geological formations. Inseparably connected with these 
questions of areal distribution and stratigraphical re1a-
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tions are questions of its uge and origin. Dr. Keyes 
estimates the value of the entire gypsum deposit, when 
manufactured and rendy fOl' lise, nt many millions of dol-
lars. '1'he hnportuncc of the area in question demands the 
employment of the hest known methoqs of investigation 
in order that the highest attninable accuracy in the matter 
of geol?gical facts and details maJ~ be secured. 
Trhe second m'en was chosen in ~Iarioll county, and the 
reason for selecting it lies in three important facts. First, 
the genetic history of the Coal Measures must be clearly 
appreciated hefore correct information regarding the dis-
tribution of the coal seams can be secured and recorded. 
Second, the rocks exposed along the Des ~fojnes river in 
:Marion county throw light of the highest importance on 
the history of the Coal 1tleasure stratn, Third, the geo-
logical structure of a very large urea in central Iowa is 
such that the few square mileR thus thoroughly studied, 
when described and illustrated, will enable the intelligent 
reader to appreciate the structure of many hundreds of 
square miles of which the smaller area stands aR the typical 
representative. The topograpllical work in the illal'ion 
coulltyarea was done by Prof. C. D. Jameson who, with 
severa] of his students, gave his services without pay. 
The region is one unusually difficult to map, but its very 
rougbness affords tbe desired facilities for studyiug its 
geological structure. 
The third region mapped topographically is in north-
eastern Iowa. 'rhis region is representative of a large 
area in the eastern part of the state; but apart frpm its 
representative characters, its peculiarities of topography 
and geological structure as already described demand 
much more of' time and expense than would he bestowed 
on 311 average area of similar extent. The topographic 
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work WfiS done by :Mr. John G. Ratcliff, of \V nukon, who 
furnished the map complete. 'l'he work, however, was 
undertaken by lI-Ir. Ratcliff 8S a labor of love and not as a 
source of profit. His long residence in Iowa, and his 
experienee as surveyor and railroad engineer rendered 
him familiar with' every square mile of the area studied. 
He had run Hnes of' levels in almost every direction 
throughout the region for prospectiv~ railroads, and all 
his notes were available without cost for the purpose of 
making the desired map. Upon undertaking the map he 
put special leveling parties in the field obtaining additional 
data for drawing the contours of the various ridges and 
ravines. He took a great deal of time from urgent private 
business to personally conduct investigations for the same 
purpose, besides which he gave JIl Lhe time requisite for 
the office work on the map. 
The work of the Survey is now inaugurated. A large 
share of the unavoidable preliminary investigations have 
been made. A few represeutative areas of special impor-
tance have been mapped. Data have been collected and 
the geologicnl formatious correlated ovcr large areas that 
can now be worked up in "detail with comparatively slight 
expense. In other words the foundation work that is pre-
paratory to detailed investigation, and of necessity must 
come first has been done for a considerable portion of the 
state. Final investigations respecting coals, clays, build-
ing stones, and artesian waters are well advanced, as well 
M those relating to the geology and geological resources of 
a number of counties, and all this has been done notwith-
standing the fact that the Survey has been in existence 
less than a year and a half. 
During the past year the first volume of reports hilS 
heen published and distributed according to law. This 
/ 
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report although necessarily general ill its scope has becn 
received with expressions of favor, both within the state 
and beyond its limits. ,Vhile contributing to our knowl-
edge of the geology and geological resources of Iowa it 
at the same time reflects credit on the intelligence and 
progressive spirit of a state already distinguished for its 
exalted position in all that relates to the intellectual eleva-
tion of its people. 
A second volume. less gencral than the first and more 
directly concerned with economic questions, is in the 
hands of the printer. The body of this report has been 
prepared by Dr. Charles R. Keyes. It relates wholly to 
problems connected with the resources of our great coal 
field, and I feel assured that like its predecessor, it will 
prove an acceptable contribution to the literature of the 
important subject with which it deals and will further 
help to place Iowa before the world in the position she 
des'erves as a state highly favored in the quality and intel-
ligence of her citizenship as well as in the value and extent 
of her geological resources .. 
From almost every county urgent requests have come 
for" immediate investigation of geological resources. It 
has been impossible to grant such requests. That would 
have required a force ten or twelve times as great as the 
appropriation for the.Survey could support. Furthermore, 
a due regard for economy requires that the work must be 
pursued according to some definite plan; each district of 
the State will be examined in time, and only when the 
details are all in will we be able to present fully the infor-
mation which the people of each separate district are 
anxions to receive. 
SAMUEL CALVIN, 
State Geologist. 

REPORT OF DR. CHARLES R. KEYES. 
low-A GEOLOGIOAL SUUVEY, 
DES MOINES, December 29, 1893. 
SIR :-1 have the honor to su~mit to you the following 
report of the work done under my direction during the 
past year. 
As it bas been thought advisahle to divide the' state in 
a general way into two parts, an easterll, or more correctly 
n northeastern balf and a western, or southwestern half, 
with the dividing line approximately .coincident with the 
Des }Ioines river, I have confined my efforts chiefly to the 
latter district. Being in charge of the office it was neces-
sary to assume dnties which prevented somewhat the 
undertaking of as i<luch field work as might otherwise 
have been possible had circumstances been different. 
.As stated in the last annual report, the organization of 
the Sm'vey was not effected ulltillate in July, 1892, when 
the Geological Board held a meeting to adopt plans by 
which operations could be begun. Although' field work 
was' commenced at once, two months or morc elapsed 
before a suitable office and the necessary ~quipments 
for successful work could be provided. The short 
time remaining, before winter put a stop to all outdoor 
work, was occupied chiefly in making general reconnais-
sances upon which detailed ",-ark could be based when field 
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operations were resumed in the spring. There has been, 
therefore, practically only one field season which could be 
devoted to the fnndamental pnrposes of the survey. 
During the severs.! months of winter when investiga-
tioDs in the field had to be suspended entirely, the work of 
organization was con tinned. Plans fOI" the field work of 
the ensuing seS80n were mapped out, and the prelimi-
nary arrangements made. Forms of various kinds for 
records in the office were constructed. Circulars were 
prepared and sent out for giving and obtaining practical 
information in regard to the coals, building ·stones, clays 
and other useful mineral suhstances. Measures were taken 
to elaborate a system by which accnrate statistics and 
facts could be collated concerning the different industries 
depending upon the natural resources of the state. Prep. 
aratioDs were made for collecting, preserving and exhibit-
ing to the hest advantage the native wealth in what it is 
hoped will prove. a permanent cahinet. Arrangements 
were effected by which the publications of the official su .. 
veys of the different states, of the federal government 
and of the various learned societies, wonld be received by 
the Survey, and there is now the beginning of a valuahle 
reference library of geology. Besides an unusually large 
amount of routine work connected with the office and a 
heavy correspondence incidental to the organization of 
the Survey a considerable proportion of the matter pub. 
lisbed in the First Annual Report wa. prepared. The 
accumulated notes on the coal deposits were also written 
up as far a~ material would permit and the editorial work 
assumed. 
As soon as the season opened field work was resumed. 
Several lines of work have been carried on in connection 
with other duties. 
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Ooal.- Since the orga~ization of the Geological Survey 
th'e coal deposits bave received special attantion and the 
investigations connected with them have formed one of 
the principal lines of inquiry. Work begun in the autumn 
of the first year was continned until the close of the field 
season. With the aid of severnl Rssistants, operations 
were resumed the following spring and continued without 
cessation during tile year. During tbis period thc coal 
se8ms and the strata associated with them were examined 
over most of the st.te. In the field work, in addition to 
personal examinations, assistance waB rendered by other 
members of the Survey, and the notes gearing upon the 
subject which had been taken by them in connection with 
other duties were freely drawn upon. 
The magnitude of the undertaking and tbe amount of 
labor wbich has been expended may be more fully appre-
ciated when the fact is taken into consideration, that the 
area of the Coal Measures in Iowa is somewhat over twenty 
thousand square miles, and that isolated basins of Carbonif-
erous outliers and the region bordering the productive Coal 
Measures which must be gone over in tracing the limits of 
the formation occupy fully five thousand square miles or 
m~re. The coal deposits are too extensive to be discussed 
in a single volume. The first part, now in press, forms a 
volume ·of 536 pages with 18 plates and 220 figures. It is 
somewhat preliminary and general in character and is 
intanded to supply immediate demands for information. 
It is expected that later, studies on the nature and adapt-
abilities of the varions coal beds, the most economical 
methods of mining the coal and the aerial extent of the 
individual seams will be carried on. 
GypBum.-Althougb regarded principally as a collat-
eral suhject, work in regard to the gypsnm beds of Iowa 
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has been continued. The invcs"tigation of the deposit, as 
exhibited in the vicinity of Fort Dodge, may now be 
regarded as nearly complete. The area covered by the 
gypsum contains approximatelx twenty-eight square 
miles. The main body varies in thickness from two to 
thirty feet or more, with uu. average of perhaps sixteen 
feet. The Des Moines river and some of its tributaries 
hayc removed a considerable portion of the gypsum, yet 
there remain quantities sufficient to supply all demands 
for many years to come. At the lowest estimate the mass 
of gypsum which is found available in the region is not 
less than sixty millions of tons. The value of the product 
when brought to market at the present figures would be 
more than a hundred and fifty millions of dollars. The 
gypsum. production has greatly increased during the past 
year and now amounts to fifty thousands of tons annually. 
The area has recently been mapped, in relief, by Mr. E. 
H. Lonsdale and ].fr. Fred Hess, and a map has been 
prepared showing the distribution of the deposit, and its 
relation to the associated formations. A complete report 
on the subject is now ready. In it will be discussed 
all the information on the subject which is of practical 
importance. 
Sioux Quartzite. - This is a very hard thoroughly 
vitreous rock whose occurrence has long been known in 
the extreme northwestern corner of the state. It is locally 
caUed Sioux" granite." It differs, however, from ordinary 
granite in not having in its make-up the more destructable 
constituents found in that rock and is consequently much 
more durable. Heretofore it has been kpown to extend 
over only a few acres in this state. Recent visits to the 
locality have shown that the rock c9vers a number of 
square miles at least. There are, therefore, in the state 
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inexhaustable quantities of the most durllble buildillg 
stolle8. Its beautiful color and the ease witb which it is 
qun"ried bas causC!l it to become quite popular, and its use 
throughout this and ueigbboring states is rapidly increas-
ing. Not only is it of impOl'tauce economically, but its 
interest from a scientific standpoint is also great. A little 
additional work in the region will enable a ·fnll discussion 
of the subject to be made ready soon. . 
OouOlty Work. - Detailed mapping and investigatiou 
bas been undertaken in several counties. Those which 
have been tbe snbject of special per80nal consideration 
during tbe past year have been selected on acconnt of 
work wbich bad heen previonsly done in them in per~oll. 
By extending the investigations the information obtained 
years ago may be utilized to great advantage. 
In Des Moines connty tbe1'e was finished up some 
work-which was begun severa] years ago during a resi-
dence at Burlington. Mueh valuable data was bronght 
together then and certain areas carefnlly mapped. With 
some special attention to the subject f"om a more strictly 
economic point of view, the report on the connty has been 
completed. Duriug the past year MI'. F. M. Fultz, of . 
Bnrlington, has been snpplementing the information which 
had already been acqnired before the organization of the 
Snrveyand looking "l' certain points which needed fnrtber 
eonsideration. With some additional personal work 
which will be done early during the coming season it is 
expected that a report on the entire connty will be ready 
for publication before the end of another year. 
Another county which presented similar favorable con-
ditions was Marion connty. The greater part of the 
geological str~ctnr~ of this region hud been carefully 
worked ant some years ago during the construction of 8 
3 G. Rep. 
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detailed section of the Coal Measures ill Central Iowa. 
The principnl liue of investigation WIIS along the De~ 
lIIoines rive,· which traverses :Marion from northwest to 
BOllthenst. During the past year sllpplementary work has 
been taken up in this region. Professor Jameson has made 
a topogmphical map of a selected arell, which will be used 
iu coustructing n relief model illustrative of the strncture 
and ftl'l·nngemellt of the coal-bearing strata of. Centrlll 
IOlYa. The entire county is nolY practically mapped as 
regards the distribution of the different formations. 
Many facts relating to the economic resources have been 
brought together. A repOl·t on this district is in prepara-
tion and the work is well towards completion. 
Webster county is another district wbicb afforded very 
favorable opportunities for takiug up tbe work of the dis-
trict 8S a whole. When the examinations of coal and gyp-
slim were undertaken in Webster county, full notes were 
made respecting the other deposits of-economic valne. The 
collateral work thus finished probably embraced nearly 
balf of tbe entire amonnt necessary to be accomplished ill 
order to prepare a full and complete report on the natlll·nl 
features of the connty. The mapping is practically fin-
ished. 
Mr. S. W. Beyer has undertaken to investigate artesian 
waters. The subject involves not only the collection of 
data concerning the depth of flowing IVcll~ now existing 
in the state, hut also the preservatioll of records of all 
deep borings aud prospect holes, as well as illfo~mation 
regarding mineral springs. Among the chief points con-
sidered ill each case are the nature and thickness of each 
stratum passed through in making the boring, the depth 
and lithological chamcte,·s of the water-bearing stratum, 
the rate of flow and the temperatur~ of the wate,·. An 
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examination of the drillings is made wherever possible. 
Special attention has been given to .the fundamental con-
ditions regarding water supplies of t11is kind as applying 
particularly to Iowa. The borings arc all located on maps 
of a suitable scale as fast as the records arc obtained. By 
means of connected sections the water-bearing strata may 
be located accurately for each district. The depth at 
which the principal horizons should be cncOlmtered may 
thus be calculated approximately for any particular place. 
Furthcrmore, the limits of the different areas which will 
supply flowing wells may be determined. The preparation 
of the report on the work done is now well advanced 
towards completion. 
In addition to the investigations on the artesian waters 
some local area work has been also taken up. The territory 
examined has Story county for a center. The principal work 
in this direction has been done in Boone county. The 
greater part of this district has been gone over and detailed 
information obtained in regard to its miueral wealth. In 
Marshall county work has also been started and consider-
able progress made. 
~Ir. H. F. Bain, in addition to other duties which have 
been refencd to, has spent a part of the past season in 
imestigating the coal deposits in certain of the counties 
lying in the southeastern part of the state. Mr. Bain also 
paid particular attention to the resources of Appanoose 
county. He will probably continue these investigations 
with the ohject of making a complete report on the dis-
trict. At the close of the field season several weeks were 
devoted to the study of the Cretaceous deposits of north-
westerIl Iowa. A detailed geological section was made 
along the Sioux river from Sioux City to the extreme 
northwestern corner of the state. One of the chief results 
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of this work, besides making. ant the stratigraphicalrela-
tions of the different beds, was the discovery in Iowa of 
. the Fort Pierre member of the Cretaceons. From the 
clays of this formation and the chalks of the Niobtal'a 
which are found directly beneath; a good grade of Portland 
cemcnt may he manufactnred. Tests on these moteri"ls 
nre now· being made. While in this portion of the stllte 
the relations of the Sioux quartzite were olso studied .. 
Mr. E .. H. Lonsdale has undel·taken an investigation of 
tbe clays," During the field season he has visited all the 
industries based upon clays in the western half of the 
state. Examinations of the deposits and the methods in 
use were noted. "During the coming season it is expected 
that a similar examination of the clays will be extended 
over "eastern Iowa .. An acconnt of tbe work done is 
already well" advanced. A similar statement of operations 
conducted during the coming season will also be prepared. 
With this account of the clay industries will be inco.rpor-
ated "a full description of the clay" deposits of the entire 
st.te and the geological formations in which they occnr. 
The properties of the different clays and all facts of 
economic value "pertaining to the working and preparation 
of them will he fnlly discussed." 
Previous to the beginning of the clay work, MI'. Lons-
dale ill ve.tigated the material resources of Montgomm'y 
connty and has in preparation 8 comprehensive report. 
From this county as a center, investigations were also 
pUBhed into the neighboring counties and many valnable 
notes obtained. 
Mr. A. C. Spencer, began, early in the summer, to 
study the coal deposits and general geological featnres of 
certain conn ties in southeastern Iowa. Later in the Bea-
Bon he spent several weeks in Webster and Humboldt 
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counties in tracing the boundnries of the Lower Oarbon-
iferous limestones and the Coal Measures. 
During the summer months Mr. A. J. Jones worked 
in the northern part of the Iowa coal field studying the 
coal deposits .ml the associated clays, the latter with 
special reference to their adaptability for the manufacture 
of the various. kinds of clay products. 
Mr. C. H. Gordon, formerly of Keokuk, devoted two 
months time to making out the geological features and 
economic resources of Van Buren county. A complete 
report of this district is now nearly completed. Several 
weeks were also put in in Lee county ill the continuance 
of lines of work begun during several years residence. 
Prof. J. L. Tilton, of Simpson College, Indianola, bas 
given such attention to field work in Warrell county as 
his other duties would permit. One of the principal lines 
of work taken np was the construction of a detailed sec-
tion along :Middle river from Ford to Winterset in Madi-
son county. The object was to connect accurately the 
Lower Coal Measures, where well understood, with a typi-
cal Upper Coal Measure section and at the same time to 
ascertain the thickness of the strata. Preliminary work 
having for its ultimate aim the determination of the useful 
deposits of the county was also begun. 
In the office,1IIr. F. C. Tate has acted as draughtsman 
and has been engaged con tinuously in preparing maps and 
illustrations for the reports as they have been made ready 
for publication. Miss N eme E. N ewmau has acted as sec-
retary to the Survey. Respectfully submitted, 
CIIARLES R. KEY>'S, 
Assistant State Geologist. 
To Pum'. SA'IUEL CALYIN, 
State Geologist. 

REPORT OF PROF. G. E. PATRICK. 
low A AGRICULTURAL COLLEGE, t 
Ames, December 29, 1893. 5 
SIR :-1 have the honor of presenting to you the follow-
ing report of the work done by the chemical division of 
the Survey during a portion of the past year. 
The work was begun in a small way, in May (1893), 
analysis of a few samples-as many as were sent in-
being made during that and the two foilowing months; but' 
regular, consecutive work was not begun until toward 
the middle of August, when the analysis of the coals of 
the state was taken IIp. 
COAL ANALYSES. 
This constitutes the greater part of the' chemical work 
thlls far done. The samples were collected by others 
and were sent to me by the Assistant State Geologist, Dr. 
Keyes. The methods of analysis are given below and the 
results obtained hal'e been reported to Dr. Keyes, and 
will doubtless be included in his report. 
llETHODS E)lPLOYED IN THE ANALVsts OF COALS. 
The samples having been finely pulverized and tightl)' bouled, the several 
detenninatioos are made as follows: 
MOISTURE. Five grammes, spread thin on a watch glass, are dried for one hour 
, at 103 to 108 degrees C. The loss is reckoned as moi.~ture. 
VOLATILE COMBUSTIBLE :MATTER AND COKE. Four grammes of the coal are 
heated in a closely covered platinum crucible over a low Bunsen flame ulltil 
the volatile mattel" is nearly expelled, then over a blast lamp for one and a 
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half minutes. The 1055. less moisture, is the volatile combustible matter. Th e 
residue in the crucible is the coke. 
TOTAL SULPHUR. Eschka's method, modified by substituting K, COl for Na. 
CO) and br increasing theproporlion oflhe Ilux. (Hundeshagen, Jour. Anal. 
Chern.,v. VI, p. 385,) 
SULPHUR IN SUU'HATES. Calvert's method: two grammes of the very finely 
powdered coal are heated with a concentrated solution of sodium carbonate 
in the steam bath, with frequent stirring. for at least ten hours-longer if 
needful fOfcomplete extraction i after filtering, SO) in the filtrate is determined 
asu5ual. 
SULPHUR IN SULPIIIDES AND ORGANIC COMPOUNDS. This is found by deducting 
the sulpur in sulphates from the total sulphur. 
ASH_ Three grammes of the coal are heated gently m-er a low flame until 
!-.moking ceast:s. and tht:n at it red heat until combustion is complete_ 
During the coming season" the' heat values of these 
coals also will be determined by means of a calorimeter; 
and, at the request of Dr. Keyes, portions of all the sam-
ples analyzed have been preserved for this purpose. 
1\r~SCELLANEOUS. 
Under this head are included analysis of limestones, 
fire clny, sandstone, glass sand, and other materials named 
below. All of these samples were sent me fl'om the office 
of the Survey, by the Assistant State Geologist. AlI sam-
ples received to date ha \'e been analyzed and reported upon. 
SU.lIMARY OF ANAJ .... YSES. 
The list of samples analyzed to date is as follows: 
173 sam pIes of coal. 
2 samples of alleged ironstone. 
6 samples of limestone. 
1 sample of bituminous shale. 
1 sample of fire clay. 
1 sample of sandstone. 
1 sample of glass sand. 
1 sample of cement 01' stucco material. 
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SOIL INVESTIGATIONS. 
Work in this line has progressed but little farther than 
the collecting of samples of soil from various parts of the 
state; uo analyses have as yet been made, but this work 
is now being entered upon, 
To the chemist was intrusted the collecting of the soil 
samples, as well as their analysis, 
In investigating the soils of a state it is obviously 8 
matter of first importance, as well as one of considerable 
difficulty, to secure for laboratory study samples that are 
truly representative of rather large areas of country, rather 
than met'ely of small fields or single qu"arter sections. To 
be able to select localities to furuish such represeutative 
samples, collectors must be well acquaiuted with the soil 
of exteusive areas in vaJ'ious parts of the state. For 
traveling collectors to obtain this acquaintance would 
involve the expenditnre of mnch time and money. These 
considerations led the writer to the thought of enlisting 
the aid of intelligent and ·painstaking farmers, already 
known to him as such, throngh association in certain 
experimental work in which the farmers have co-operated 
with the Experiment Station. 
To abont sixty of these farmers, located in nearly as 
many conn ties, the following circular letter was seut: 
IOWA AGRICULTURAL COLLEGE, 
LABORATORY OF AGRICULTURAL CHEMISTRY • 
. DRAR SIR: The Directiog Board of the State Geological Survey have made 
arrangements whereby, under authority of the Board of Trustees of the College, a 
considerable number of soils of the state are to besubmitled 10 chemical analysis, 
at this lahoratory and under direction orthe writer. PUniuant to this plan, Profes-
sor Calvin, Chief of th~ Survey. has requested me to secure for this purpose sam-
ples of such soils as it seems to me desirable to investigate. 
The most economical way of getting these samples is through correspondence. 
aod I naturally turn for assistance in this matter to the farmers, and others. whD 
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have already shown their interest in the scientific study of agricultural problems 
by co-operating with me in the study of sugar beet culture in Iowa. 
My purpose in this letter is to ask: you if you will assist in the present work, 
by collecting samples of the representative soils in your vidnity and sending the 
sante to me by express - charges to be paid at this end. If yOli reply (by enclosed 
postal) that you will, I will immediately send you printed directions telling 
exactly how to proceed in taking the samples. Do not collect any IJntil you 
receive these directions. The labor of collecting the samples will be but 
trifling, as I shall only wish to study the oestand thepoort.'slsoils that occur, over 
any considerable area, in YOtiT vidnity. Those who collect samples will receive 
credit therefor in the Report, when published; and what is more, will feel the 
satisfaction of having helped in a good cause. 
A reply by return mail will be greatly appreciated. Yours truly, 
G. E. PATRICK. 
As expected, responses came promptly from nearly all 
expressing a willingness to give the desired aid. To earh 
thus responding, the following circular was immediately 
sent: 
DiRECTJONS FOR TAKING SOiL SAMPLES. 
Thesoit selected for sampling should beas far aspossiblein its natural cond'ition, 
not modified by recent applications ormanure. The purpose is to obtain a sample 
representing the best and another representing the poorest soil that occurs over It 
considerable area in your vicinity - i. e., in your own or adjoining townships. 
Having selected a field or area, of several acres' extent if possible and appar· 
ently uniform in character, thai calt be faRm as represellting eilher type (the best 
or the poorest soils, using those terms asjust explained) proceed as follows to 
take samples from five (5) difff:rent spots, quite widely separated within the field 
or area -the five samples to be subsequently mb:~d together to produce a true 
average sample. 
Remove decaying grass, leaves, etc., from the surface. Then take the sam-
ple in form of a block or cylinder, with vertical sidttS, down to a depth of nine (9) 
inches by measure - provided the true soil or" surfacesoil " extends to that depth, 
as it does nearly everywhere in Iowa. If in any case it should not extend to' that 
depth - as shown by a marked change in color and character - then take the 
sample only to the depth of said change, measuring and nOling down the depth. 
But in no case take the sample to less thafl six inches' depth, however shallow 
the soil may be, for above that depth it cannot escape the plow. "'" "'" "'" As the 
most practicable way oftaking a sample, I advi'ie using a common spade, taking 
care to dig down vertically and 10 take for the sample all that comes from the hole. 
The object of taking five samples is to eliminate local variations and thus 
s('cure a true average of the field or area. 
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Mix. the five samples together very thoroughly, on a large cloth or ~tout 
paper. crushing the larger clods wtth the fingers. When the mass is thoroughly 
mixed fill from it one or the paper bags which I send you by this mail. tie the bag 
at top as though it were of cloth. and attach a tag bearing }'ourOWR name (the col· 
lector·s) and also the word Best or· Poorest, as the case may be. * * !t The 
aid which you will thus render in promottng the chemical study of Iowa soils 
will be greatly appreciated by the understgned and will be duly credited in the 
reportorthe work when published. YauG truly, G. E. PATRICK, 
Agricullurnl Col/t'ge, Ames, Iowa. 
About two weeks after this circular was sent out the 
ground became frozen, rendering the collection of samples 
somewhat difficult; this probably accounts for the fuct 
that only twenty-eight of the farmers have sent i'; sam-
ples-tbe others will probably do so in tbe spring. These 
twenty-eight sent fifty-eight samples of soil, from twenty-
six different counties of the state. Following are the 
names, addresses, and nnmber of samples sent by each: 
J. F. Grawe, Waverly, Breiner connty, two samples. 
Geo. Gadbois, Salix, Woodbury connty, two samples. 
J as. Snllivan, Stnart, Gnthrie connty, two samples. 
Fred Direlbess, Logan, Harrison county, two samples. 
A. M. Bingham, J essnp, Buchanan county, two samples. 
W. H. Steimel, Eagle Center, Blackhawk county, two 
snmples. 
J. 'Vernli, Le~Iars, Plymouth county, two samples. 
J os. Beath, Corning, Adams county, two samples. 
S. S. Beers, Judd, Webste.· county, two samples. 
David 'Vild, Springville, Linn county, two samples. 
E. F. Iseminger, Marathon, Buena Vista connty, two 
samples. 
J. ~I. l,ehman, Cumberland, Cass county, two samples. 
'V. C. Goodrich, Lehigh, Webster county, two samples . 
• Tas. Pemphle, Wapello, Louisa county, two samples. 
C. C. Plater, Red Oak, ~Iontgomery connty, two sam-
ples. . 
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~w. O. Tice, Monroe, Jasper county, three samples. 
John Barnard, nluscatine, ltluscatille county, two 
samples. 
B. H. 'rally, Belleville, J eft'erson couuty, two samples. 
II. Gadmer, Quinby, Cherokee county, two samples. 
II. A. Saunders, Grand J ullction, Greene county, two 
samples. 
~John Klcin, Keota, Keokuk county, two samples. 
C. D. Miller, Denisoll, Crawford county two samples. 
D. D. Ronan, Waukon, Allamakee county, three sam-
ples. 
J. O. O"erholt, Havelock, Pocbahontas county, two 
samples. 
L. Skeels, Wallingford, Emmet county, three samples. 
T. H. Drake, Fl"l\itland,:l.Iuscatine county, two samples. 
S. G. Tyn·el. Riceville, Mitchell county, one sample. 
Judd Storm, Nevada, Story county, two samples. 
Work upon these samples is now begun, and the results 
will be reported in due time. Respectfully, 
G. E. PATRICK. 
To PROFESSOR SA)IUEL CALVIN, 
State Geologist. 
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.1.'"3 WOltK AND SCOPE O},' THE GEOLOGICAI~ SUHYEY. 
ESTABLISHMENT OF THE GEOLOGICAL SURVEY 
OF IOWA. 
The people of Iowa, through their l'epre~entati\'es at 
the last session of the General Assembly, authorized a 
geological survey of the State. Probably at no period in 
Iowa's history had she felt more the Heed of a thorough 
economic investigation of her native wealth. The survey 
contemplated was not an investigation such as was 
vaguely conceived by many, but one broad in its scope 
and fur-reaching in its workings, one whose primary aim 
was to bring before the public the State's natural products, 
to encourage its material development and to invite the 
investment of outside capital. Indeed, it had long been 
a matter of general regret that a commonwealth so happily 
supplied with boundless natural riches should have no 
official information concerning them to which either her 
citizens or the public at large could turn. 
The law establishing the Geological Survey provides-
for" a complete survey of the natural resources of the 
State in all their economic and scientific aspects, including 
the determination of the order, arrangement, dip and com-
parative magnitUde of. the various formations; the dis-
coyery and examination of al1useful deposits, their richness 
in mineral contents, and their fossils; and the investiga-
tion of the position, formation and arrange.ment of many 
different ores, coals, clays, building stones, glass sands, 
marls, peats, mineral oils, natural gas, mineral and artesi~n 
waters and such other minel'almaterials as may be useful, 
with particular regard to the value of said substances for 
commercial purposes and their accessibilities; also, the 
careful noting of the characters of the different soils and 
their capacities for agricultural purposes; the growth of 
timber and other scientific or natural history matters that 
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may be of pmctic'li importance and interest." The low is 
liberal in its nPl'lication, comprehensive in its require-
ments, pl'ncticni in its heul'jugs, Not the least yuluable of 
its measures is the prO\'isioll foJ' the diffusion of useful 
knowledgc muong the citizcns of the State. The dl"mnncl 
fol' IlUthoritllth'c illfol'lllutioll of this kind has long been 
so urgent that it is a mattCl' of mnch surprise thnt steps in 
the propel' direction were not taken yenl's ago, To be 
Sllre, such u movement has been twice started and twice 
rendered inactive, first in the fifties and again more than 
a quarter of a century ago. Both attempts werc hurried 
reconnaissances-one of the eastern half of the State, 
and the other of the western llortioll. Being thus merely 
preliminary, the results were necessarily vel'y incomplete. 
lIOl'eoYer, during the past two decades much information 
concerning the mineral wealth of Iowa has accumulated, 
nnd when brougbt together in • connected way with the 
results of other investigations it will he of the greatest 
value. In the same period geology itself has made gigan-
tic strides, not only scientifically but economically. 
The great interest now shown in the examination of the 
natural resources of Iowa is not confined wholly to the 
people of the State. There are prohably as many persons 
living without the borders of Iowa as there are within 
them who 8re keeping themselves informed as to what is 
being done by the Survey. Indeed, the work bas met with 
as universal favor and appreciation abroad as at home. As 
was wen stated not long ago in one of the lending news-
papers, Iowans are, as a rule, too busily occupied with their 
own affairs to go much out of their way to get informa-
tion in regarel to that which does not connect itself directly . 
with the advancement of their own material interests. 
The benefits of the Survey nppenr to some people to be 
3G.Uep. 
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only indircct; hcnce, thcl'c is often by these persons n 
lack of 1"'01)01' appreciation of the aims oud end. of the 
work. As the reul fucts become known and the citizens 
become marc and more acquaintcd with the doings of the 
Survey it is extremely rare that a warm interest is not 
manifested. This solicitude for the carrying out and com-
pletion of the in\'estigations begun is not shown in Iown. 
olone. As the published rcports arc made accessible they 
arc reviewed and talked abont, ffiOl'e or less, in almost 
every cOlmtry of ti,e globe. 
In connection with the report on the progress of the 
Iowa Geological Surycy, it has been thought desirable to 
prc:scnt in some detail the general scheme of operation. As 
will be reodily seen, the entire plan of the Survey is practical 
in its aim, While thoroughly economic in all its aspects 
the work is so arranged· that it may be carried on in a 
manner perfectly systematic and scientific. At aU times 
the investigations arc conducted in a way which, it is 
thought, will hest serve the iuterests involved. 
OBJECT OF THE GEOLOGICAL SURVEY. 
When 0 merchant wishes to know exactly how his bus-
iness stands he takes an inventory of his possessions. A 
state in establishing a geological survey bas also in mind 
an inventory of her possessions; that is, of her natural 
products, all tbose mineral substances which may be made 
to serve the purposes of mono But a geological snrvey is 
very much more than a simple inventory - a mere taking 
account of stock. It not only lists the various minerals, 
but locates them accurately, investigates their qualities, 
extent and accessibility, notes their particular uses and 
value, and suggests improvements in the methods of 
obtaining and treating them for commereiol purposes. In 
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order that the infol'mation lUay be readily and accurately 
interpreted the determinations und facts are recol'deu and 
explained on suitable maps or in the descriptive notes 
which accompany them. 
In the establishment of the Geological Survey it was' 
mfl1lifestly 110t the purpose of the legislators, as mnny 
people suppose, to replace by state work individual testing 
and inYestigating, bnt rather to encouragc and supplement 
personal eft'orts amI greatly lessen the chances of failure. 
Among the gencral objects to be attained for the State 
through the work of a completed geological 5ur,'ey may 
be mentioned: 
(1) The provision of a suitable foundation for detaile{l 
and intelligent search for mineral wealth, One of the 
chief benefits l'esulting from this work is the limitation of 
different mineral bearing areas in which prospecting may 
be pl'Ofitably undertaken. 'l'hc ,necessity of this course 
has appeared all the more urgent as the work of the Sur-
vey hl1s progressed. It may be It matter of considerable 
surprise to learn that carefully made estimates show that 
more money has often heen wasted in many counties in a 
single year in ill-advised and poorly conducted efforts to 
discover coal and other minerals than would annually sup-
port a systematic investigation of the entire State. N um-
bel'less abandoned diggings are met with, most of which 
mark fruitless efforts to obtain minerals in places where 
success is as utterly hopeless as could be imagined. All 
this useless expenditure of capital and labor might have 
been largely uyoided had some authoritative information 
conceming the geological features of the particular local-
ities been accessible. 
(2) The aSSllrance of IJel'manency in the development 
of resonrces already known~ lIeans will be provided 
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befol'ebnn,1 by which, without encouutel'iug l'epented fail-
ures and inconveniences, each aile may know how to turn 
his discoveries to best account, how to work tbe deposits 
to the best nd vantage and how to pl'epare tbe product in 
the most suitahle manner for market, The properties of 
the dill'el'ent substances and the uses to which they may 
be put baving been determined pmctically, the further 
advancement of the dependent industries is greatly sim-
plified, On the completion of the work on any subject all 
infol'mation possible is brought together, so that wben a 
person engages in any mining enterprise or business con-
nected with the natural resources of the State be can 
hardly fail to find in the particular report something which 
will greatly assist him in his efforts and prevent, useless 
waste of time and money, 
(3) The establishment of an official guaranty respect-
ing the natul'al wealth of the State, Information given 
by disinterested pel'Bon~ concerning the State's posses-
sioDs is always regarded as more trustworthy than when 
imparted by p;1vate indiv1duals. Citizens at home as well 
as abroad have confidence in making investments and feel 
that they are not entering into mere speculative fields. 
( 4) The formation, on a scientific basis, of a stand-
ard by wbich the geological features of the State may he 
compared with those of other districts, There is 8 wide 
demand for something of this kind for pmposes of instruc-
tion in schools and colleges, Text books commonly used 
consider only the principles of science; the reports of the 
Survey snpplement this outline by giving detailed infor-
mation of local application, 
(5) An Rdv.ncement of the agricultuml interests of 
the State, This is more fully considered elsewhere under 
tile suhject of soils. 
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WHAT IS TO BE EXPECTED OF THE SURVEY. 
,Popular opinion llifl'crs widely as to the propel' func-
tions of a geological survey. Just what should be 
expected of the organization, in accordance with the evi-
dent intent and expressed purpose of the law establishing 
the Sm"'ey is manifestly not fully understood by many 
persons. It, however, has been best stated perhaps by the 
editor of the Iowa State Register, in an editoriul which 
appeared in the issue of J nuuary 31, 18!l2, when the bill 
for the Geological Survey of the State was pending before 
the General Assembly: 
"A glance at what other states arc doing to encourage 
the development of their mineral wealth forcibly impresses 
'us that great advantages nre to be derived from a thorough 
investigation of our own natural resources. N ot11re has 
given us 6ne of the richest domains in the world. She 
has done much; dS yet we have done but little. FOl'tu-
nately, however, our farmers, mechanics, miners and legis-
lators m'e beginning to see what geological surveys have 
done for other states and aonntries, and what a similar 
organization can do ·fo1' our own. Geology comprehends 
aU the facts ever known respecting the rocks and min-
erals of the earth, and all the uses to which they have been 
applied. It bas treasured up the agricultural capacities of 
every soil and the'best meaus of developing those capaci-
ties, yet many persons have doubted whether such a 
science can aid in developing the grent resources of pecl'-
less lawn. 
"Now, how will a geologioal sunoy help in this mat-
ter? If propel'ly conducted, it cannot fail to develop the 
mineI'8ll'csoul'ces of the State, and pInce our miuing inter-
ests on a more permanent basis, by inviting capital and 
secnring systematic and profitable operations. 
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"It· will increase our mecllnuicnl Hnd manufacturing 
interests by llointing out the raw mntcrials and the facili-
tics for cOH,'crtillg them into articles for domestic and for-
eign trade. 
"Agriculturc will be advnnced by the investigation of 
the strlLcture and the chemical properties of the soils; and 
the results will enable us to determine t1w modes of cult-
urc necessary to sustain and to increase their productive 
energies. 
"Our artesian waters will be thoroughly understood, 
so that anyone ill the State by simple calculations may 
determine within a few feet how far he will have to bore 
to obtain good water1 and how mnch of a flow he will 
secnre. 
"The watcr powers of every stream will be definitely 
known, and the conversion of this energy into electricity 
will eventually give us light and heat for the whole State. 
"New coal fields cannot fail to be developed, and the 
limits of the present ones will be definitely made out, so 
that the great sums of money now annually expended use-
lessly in vain searches for this mineral in portions of the 
State ·whcre it cannot pOHsihly occur may he savell and 
turned into other channels. 
"Our building stones will be thoroughly tcsted and 
carefully located, for without the slight.st doubt Iowa has 
as good building stones us can be found in this country. 
"The clay industry will receive a great impetus. 
Instead of importing large quantities of brick und other 
clay products from other states, we would be exporting to 
all the neighboring districts. The aluminum c1ays would 
also receive careful attention. 
" Commerce will receive a new impulse from the in-
creased pro(lucts of the farm, the mine, and the wOl'kshop. 
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""rho can estimate the inCl'eased value of the laud in 
the State when all the natural wcnlth has heen pointed out, 
If we can judge at all from Olll' neighboring stutes thore is 
little doubt that a systematic im'cstigation, such as is sug--
gested, would greatly increase the yulne of the lamlR oyer 
large tracts, amounting to many times the expenditure." 
It is not, therefore, to be anticipatC{I that the work of 
the Suney is to be a continnous series of stlll'tling dis-
coveries of precious metals, but mther a careful investi-
gation of those things which, as in England: are infinitely 
more valuable and compel the world to pay tribute in gold 
and silver. 
GENERAL PLAN. 
The efforts of the Geologicul Survey are directed 
primarily to a consideration of the mineral resources of 
the State from the standpoint of the utiJital'inll. In the 
progress of the work there come to be recognized two 
classes of operations; the onc somewhat general in its 
cIlflracter; the othel' more specific. The first may be 
called the subject work and the second the areaI"work. 
In the formel' it is designed to take up each particular 
topic, as coal, clay, building stone, or soil and to consider 
the deposits as a whole fOl' tlie entire State. 1n contra-
distinction, areal work has for its object the consideration 
of an useful mineral deposits of limited districts, as a 
county or oUlel' convenient area, pnrticular attention being 
given to local details. There are, in addition to the two 
princiilfll classesherc mentioned, two other lines of' in,'csti-
gation, which together might pro}Jerly form H third class. 
sun.JEOT WOIl1\. 
lIinel'al deposits are not limited by modern political 
boundaries. Each kind of' ore, clay or other natural 
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product dug from the earth belongs to some particular geow 
logical formation; that is, it is found at some horizon or 
Im'elmore plentifully than at others. Thus, one forma-
tion is nbuuduntly supplied with coal; another with ores 
of zinc or lead; n third with gypsum, or materials for the 
mmmfactul'e of cements; and others with still dill'erent 
substances at' economic value. Each is found in a partic-
ular geological zone and rarely or yery sparingly else-
whcrc. Only within certain districts would Rem'ch for a 
giveu sn.bstnuee be successful; outside of these ureas no 
amount of prospecting would e\,er disclose the materiul 
sought. 
An im'estigation of' any specia~ mineral substance 
necessitates a careful consideration of the entire subject. 
At the outset a clear understanding of the geological 
structure of the rocks containing it is of prime impor-
tance. The 10caHtics where it occurs requirc description. 
The arrangement, relation~ anu extent of the deposits 
mnst be defined; the origin nnu properties discllssc(l; 
the nccessibility <In<1 vulne determined. The uses of 
the substances, the nature and status, both present and 
probable future, of' the industries connected should be 
fully considered. A report on cnch special subject must, 
therefore, be comprehensive in character and concise in 
statement.. rrhe work cannot be weighed down with all 
the details of' only local iuterest, as this wonld extend the 
account far beyond the space that could be allotcd to it. 
Information of an cnt.irely local character may be recorued 
on maps 01' described in accounts of areas. 
Subject work is thus quite prominent in dealing with 
all the useful mineral substances found in the State. It 
necessarily includes two classcs: the principal topics, 
which He the larger subjects, each requiring a vcry 
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considernble period to finish, and the subordinate subjects 
which comprise nutnCl'ous minor points. The former of 
COllrse are taken up first. 'Vhile they are being invcsti-
gnted facts are continually accnIllnlutillg in regard to the 
co1Jut(>ral subjects which, with a Httle special attention 
later, will ultimately be brought together, forming valua-
blc additions to what is a11'eudy known concerning tbe 
resources of the State. 
The advantages of having the work clone according to 
topics arc numerous: 
( 1 ) Since different mineral substances, as already 
stated, are l'arely confined to single cOllnties, but usually 
extend oyer seyeral and sometimes many such districts, it 
is necessary to investigate each kind of deposit in its 
entirety. It may then be told with certainty how und to 
what extent the several locations will be benefited by the 
development of such minerals. 
(2) The general discussion of the properties, uses 
and magnitude of eae11 deposit may be investigated amI 
the results published long before all of the work in the 
counties containing the particular substance can be fin-
ished. 
( 3) If lasting results nre to be obtained more or less 
work of general character is always necessary in order to 
interpret intelligibly the phenomena observed in anyone 
county and to conneet them with thoRe seen in neighbor-
ing districts. 
(4:) It enab1es the investigations to be made by 
experts or specialists in different lines. The resuHs 
accomplisl1ed UJ'C therefore much more satisfactory, morc 
accurate and far more valuable than if obtained in any 
other way. Furthermore, much Jess time is required and 
the cost is consequently less. 
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(5) As the majority of people are interested ill one 
industry only, the information they most dcsire is brought 
together. The miner wisl1CS to be informerl about coal, 
the qUllrryman, architect OJ' engineer is interested in build-
ing stones; the brickmaker' desires information regarding 
clays; each wants to know in regard to his special field 
find cares UtHe or nothing about the others. 
ABEA WORK. 
Area work has for its object the consideration of the 
economic resources of particullll' districts, as already 
explained. Its direct purpose is to satisfy constant and 
ever increasing demands for information in regard to 
giYcn localities. The desire to know about the mineral 
products of each particular neighborhood is so general 
throughout the State that full details are required concern-
ing every substance which is or is likely to be of value to 
the laud owner 01' occupant of the tcnitory. Probably 
olle~half of the people of the State seek t11is local informa-
tion. 
PUBLICATION OJ<' RESULTS. 
One of the cardinal points in the investigation of the 
natural resources of t.he State is the placing of practical 
information in reg.ud to the various deposits before the 
people us rapidly as possible and at the same time in a 
rneasumbly complete form. Therefore in mnking puhJic 
the results of the geological survey of thc State the com-
mon pL'Uctice of transcribing field notes and of making 
incoherent preliminary reports on different subjects has 
been discarded. The general plan of field work is of 
course arl'fi:nged so as to accord with the ultimate pres· 
entation of the results in printed form. Hence, two gen-
eral divisions fire recognized in publication, as in the field 
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work, though their distinctions llIay llut be so ob"ious at 
first glance . 
.. A single series of publications has been adopted. All 
the numbers of the series will be uniform in general style, 
in binding and in size. As nearly as possible each "olume 
will contain about 500 pages. 'rhere will be, however, one 
exception, the final State atlas. Although numbered 
eonsecnth-ely the separate yolumcs are in no way depend-
ent upon any which haye gone before 01' any which may 
follow. Each may therefore be regarded as complete in 
itself. This plan enables one volume to be de"oted to one 
topic and another tu mlUther. It alluws all information on 
one subject to be brought together. It permits the plac-
ing of results before the public as rapidly as the investi-
gations Ilre completed, without long and vexatious delays. 
A particular deposit extending into a number of districts 
may thus be studied thoroughly amI a report made with-
out waiting for the entire work in the several counties to 
be finished. Similarly, different counties or areas may be 
reported upon before any special deposit is examined over 
all the State. In some cases the work requires n very 
much longer time to complete than in others; and it is 
often very desirable, especially with the larger subjects, 
that some information be made accessible before the 
appearance of the final report. 'Vhcn the work on any 
pllrticular topic has reached a more or less ad vanced stage 
of completion some special phase of the subject may be 
briefly discussed and emphasized in advance, but the arti- . 
cIe is always made complete in itself, depending neither 
upon anything which has been nor which is to be puh-
lislwu. 
The appearance of the results of investigations con-
cerning different deposits amI arcas is fnrtllCl' hastened 
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by carefully prepnred articles of general interest which 
are given to leading periodicals ·nnd to the newspapers of 
the State. 
SCHEME OF WO~K. 
As the investigations of the Geological Survey go on 
the work resolves itself into three general categories: 
( 1) the work in prog"ess, (2) work taken up inciuentally, 
and ( 3) work not yet begun. To these. a fourth class 
may shortly be ndlled, viz.: work completed. 
Work in Progress. 
As already explained the general investigations regard-
ing the natural resources of the State run along parallel 
lines. To these the terms subject and areal work have 
been given. "'Thile covering the same ground in part 
they do not necess31'ily occasion duplication in eithel' 
field work or publication. Of these two divisions the 
former, from its nature, mnst in the beginning receive 
greater attention. All the problems of economic import-
ance and interest cannot be solved at once. Time is 
required to do the work carefully and thoroughly. Con-
sequently it was necessary to make some selections 
befm'e entering upon the work as a whole. Those sub-
jects which werc thought to most need immediate atten-
tion were taken up aud the work pushed vigorously. At 
the same time a number of pollateral subjects demanded 
prompt consideration find these wm;e investigated as fur 
as circumstances permitted. 
WORI{ ON TIlE COAl. DBPOSI'1'S. 
Although at the preseut time coal easily ranks first in 
importance among the minerall'esources of Iowa, Jess has 
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been known in regard to its structure and distribution 
than perhaps any other minoral deposit of economic vaIne 
ill the State. The subject wns therofore cleudy amollg 
the first demanding attention. At the very beginning it 
was found that in order to make satisfactory progl1ess it 
wns necessul'y to carryon the investigations in a perfectly 
~ystematic way.' Consequently localities were visited 
first which, it was thought, would furnish most readily H 
key to the structure, character and disposition of the coal 
beds ovcr large areas, fI'he leading geological features of 
these districts were carefully made out and the examina-
tion extended into neighboring regions. In this way the 
extent of territory covered and the amount of practical 
information secured ·was fur greater than could have been 
obtained otherwise. 
The area of the Coal Measures in Iowa embraces oyer 
t'lYenty thousand sqnare miles; besides, there nre numeI'~ 
ous Carboniferous outliers, or isolated areas, along and 
beyoud the borders of the productive measures, ,yhich 
make up many additional squuI;e miles. rl1he investiga-
tion of the coal deposits of the Stnte is thus seen to be a 
work of no small magnitude. Detailed attention to the 
coal industry in all its phases inyolves labor which cannot 
be completed in a few months; it will require several 
years to make satisfactory obscl'vntions, to accumulate 
the facts and carryon the propel' tests. 
In the presentation of tIle information there are con-
templated: 
(1) A report on flhe coal deposits, somewhat general 
in its charnctcl', perhaps, but supplying temporarily a 
great and ever increasing demand for information on the 
subject. 'l'his desire for authoritative accounts of differ-
ent portions of the great coal fleM is shared noL only 
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by the citizens of Iowa but by mnny persons with 
llleans who no\v reside in distant places, but who arc 
desirous of making ::;afe investments in the State, of start-
ing ncw industries and possibly of soon becoming resi-
dents'of the commonwealth. 
(2) A detailed account of' the geologicul feutures of 
the coal district. This should embl'ace a full description 
of the dift'erent kinds of beds uncI their associations, the 
minute structure of the coal bearing strata, the exact rela-
tions of the different seums, the distance from the sUl'face 
that it is neccssnry to go in order to reach them, the 
pointing out of' notable llnd easily recognized strata which 
may serve as guides in searching for particular veins, and 
all kindred information of practical import. 
(3) A discussion of practical mining in the State, the 
methods employed and improvements which may be made, 
the kinds of machinery used und its advantages, the best 
plans ahd the most suitable machinery for prospecting. 
( 4 ) A description of the uses and properties of Iowa 
couls, with tables of chemical analyses of all the princi-
pul "m'ieties from the dift'ereut counties, the adaptabilities 
of the vUl'ious kinds for steam, domestic and metnllul'gicaI 
lJUrposes and for gas-making. In this connection will 
be considered all information tending toward a greater 
development of the industry, including the utilization of 
coni dust, slack and the lignites of northwestern Iowa. 
The :first portion of the work is now completed and the 
report ready for distribution. It forms a volume similar 
hi size and style to the First AllnualHcport. The inform-
ation contained, in respect to the arrangement of the coal 
beul·jng strata i~ of the greatest practical value, as well as 
of scientific interest. 
QI,A Y DEPOtil1'S. 
The wOl'k un the coal is ucing continued. Special 
mapping of certain typical areas has been llluicrtaken. 
Upon the mnps will be based the conFitrnction uf sovel'nl 
relief models which wiJI show clenl'1y the details of 
structure, arrangement and present accessibility of the 
coal scams. The mo·dcls will exhibit graphically nil the 
facts pertaining to the disposition of the veins and will 
clellrly illustmte t.he nahll'c of coal OCCHITences over wide 
areas. .A mup of the State showing the location of all 
the mines-and the natnral outcrops is also in PI'CPlll'lltion. 
l~XA~IIXArrION OF cru\.YS. 
rrhe numbel', extent and importance of the industries 
based upon clays has heen little appreciated. StilI less 
has the existence, distribution and qualities of the ayail-
able deposits been comprehended. Yet, to-day mUllufact-
u1'e(1 clay products constitute one of the lea(lillg fealures 
in the material welfare of the commonwealth. 
It would be difficult at this time to 1)lnec an exact 
valuation' on the building materials, pottery and other pro-
ducts made of cJay which are 11se(1 yearly ill the State; 
$20,000,000 would probably be a very conservative esti-
mntc. For many years large sums of money have anmmlly 
left the State to purchuse clay llroducts from other dis-
tricts. 'l'his, evidently, is not due to a lack of raw mater-
ial, for recent investigations have amply shown that Iowa 
possesses vast and exhaustless de]Josits of the very best 
of clays, and tha_t they arc to be found in nearly every 
geological formation and in every county of the state. 
:hiuch information of great value has alreadyaccumuN 
lated in regard to the clays and the industries connected 
with them. Another field season will go far toward the 
completion of a report which wiJI be comprehensive and 
oJ, WOHK AND SCOI'E O}' TilE GBOLOUICAL SUHYBY. 
prnctica1. The investigations have already gone far 
enough to indicate tbe general character and scope of the 
fillall'epol't on the subject. It will contain n fun discus-
sion of: 
( 1) 'rile origin, composition and properties of the 
clays ill Iowa. 
(2) 1'he uses to, which the va !'ions kinds of clay are, 
and may he put, and a consideration of the best varieties 
udnpted to each specific purpose. 
(il) 'rhe general geology of the State with speeial"ef-
crcnce to clay deposits, their distribution and availability. 
( 4) The hrick and dr. in tile clays, the localities yield-
ing the best qua1ities and the methods followed in rendering 
the poorer grades workable. There will also be embraced 
a speciul consideration of the clays used in making paving 
brick and sewel' pipe. The recent extensive use of' brick 
as a puving material and its superiority over many other 
substances has rendered the subject of brick'for this pur-
pose one of very great importunce aud one to which suffi-
cient attelltion has not yet been paid. Paving streets 
with hard bricks is fast becoming popular in the larger 
towns and cities. Tests arc continually being made which 
go to prove that the durability of a street paved with 
good, vitrified brick compares more than favorably with 
that of streets paved with other material. 
( 5 ) Pottery clays of the State, their properties, dis-
tribution and location; also the materials used for glazing 
and in mixtures. 
(6) Fire clays and other deposits suitable for the 
manufacture of refractory products. There will be given 
in this connection extensive comparisons of the raw mate-
!'ials from the dijferent localities in the State, and refer-
ences to noted places beyond its limits. 
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(7) Kaolillic clays. rrhis term applies to all the 
higher grades of clay which may be used for making the 
hetter classes of cluy goods for domestic purposes. 
(8) The principal industries b.ased upon clay. 
(9) Prep!ll'lltion of c1uy fo)' manufacture into the dif-
ferent products and the meth'ods used. 
(10) Heco,nmendations 1'0), better methods of nwnip-
ulation. rfhe impol'tance of' raising the standard of excel-
lence of clay goods cannot be o\'cl'cstimated. It not only 
aills directly the manufacturer of' the products hut indi-
rectly gl'eatly benefits oyer)' citizen by pl'o\'iding him with 
a snperior qnality of material at a no higher price thlln he 
would otherwise give for the inferior article. 
(] 1) Complete statistics in l'eg<tl'd to the production 
of the Ylll'iollS kinds of clay goods. 
In this report it is proposed not only to test the chem-
ical but 11lso the physical properties of the clays. '1'hrough 
the lotter especially the various comparisons may be more 
thoronghly appreciated, and the exact charl.lcter of' the dif-
ferent deposits-more readily unde~'stood. The following 
outlines the method, taking for example a sample of typical 
fire clay: 
..:~ preliminary examination shows: 
Coler varying from light ash to drab. 
Tt!xture nearly uniform, tine grained, compact. 
Taste "lean," gritty. 
Slacks slowly into irregular granules with little uniformity of size. 
Accesson{'s; pyrite not perceptjble: sand as grains from olle·tenth to one· 
thirtieth of an inch in size, freely disseminated . 
.... <\. physical examination shows: 
Specific gravity, 1.950. 
Plasticity, as dete~mined by working a clay paste is eminent; as do:termiut!d by 
tht! tensile strength of air dried briqut:Ues it ha.:; a maximum of 'i2, the 
average of .ten samples being 155 pounds per square inch. 
Water required to make a plastic, easily worked paste is 15.4 per cent . 
.( H.Hcll. 
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Air shrinkage, in dr)"lng bricklets ranging from four inches by one-fourth inch 
to eight inches by four inches n\'~rnged S-6 per cent in ten samples. It can 
be dried rapidl)' in a warm air bath at 125° to 200° F. without breaking. 
Fire shrinkage; in bUrniDg air dried samples at a vitrifying heat averaged 2.3 per 
cent in three samples i requires c-.tre and slow healing to avoid cracking. 
Total shrinkage, or the sum "of the fire and the air contraction, averages 7.9 per 
cenl, which is remarkably low. 
" Fusion takes place at about 2.400" F .. · or a white heat; incipient vitrification 
takes place at 2.100° F •• or ara bright cherry red beat. 
eulor of burned clay is ligbt gray. 
CrmdllsiDRs" This lire clay is a fairly good refractory material, as it may be 
used for temperatures as high as 2,300" P., or a very bright cherry heaL It 
admits of rnpid air drying without cracking aDd does not fissure readily in firing. 
The total shrinkage being ,"ery low adds greatly to its value in any practicable 
application of the clay. Being highly plastic it moulds admimbly. The burnt 
ware is quite strong. The day when washed may be used successfully by pot-
teI'S" It is even possible that a white ware may be produced if the clay is properly 
. 1mshed and treated. 
BUILDING STONES. 
The resources of Iowa in building stone are unques-
tionably great. Tbere is but little doubt that as good rock 
fot· structural and architectural· purposes is obtainable 
within the limits of the State as anywhere in the neigh-
boring districts. 'Vhen, however, Iowa goes to New 
England, Ohio, and Lake Superior for stone with which 
to construct the better class of buildings the query at once 
arises as to the reasons. Furthermore, when inquh'Y is 
made concerning the sources of higher grades of stone 
used in the State, the proportion obtained from Iowa is 
found to be surprisingly small as compared witb the quan-
tity shipped in from other places, 8ud the. importance and 
absolute need of. systematic investigation of the State's 
domain is immediately made evident. 
In order of their importance the chief factors deter-
mining the value of a buildulg stoue are: Accessibility, 
Durability, Strengtll, Structure and Reputation. . 
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No matter how exce1lent a stone may be it is of course 
valueless for constructional purposes if it does not have 
good transportation fncilities. Durability is a phase of 
the subject which cannot be determined readily from IH\lld 
specimens and is usually brought out through experience. 
Stones which ordinarily withstand the influences of atmos-
pheric agencies readily waste away when exposed to con-
ditions quite different from those of their native places; 
and the ncid-Iaden air of great cities is especially delete- ' 
rious to rock. The resistance to weathering is ascertained 
best in the field by careful examination of the native 
ledges. These observations may be supplemented by tests 
in the laboratory. Strength, howe\'er, is usua1ly the only 
factor tested in determining whether or not a given stone 
sha1l be used. 
Architects and engineers commonly have neither the 
apparatus nor the inclination to make extensive tests in 
regul'(1 to local building materials. Consequently they 
employ stone which already has its reputation estah-
lished. Thus the lack of authoritative information in 
regard to local resonrce~ causes the rocks of the State to 
be discarded and building stone to be L1'3nsported half 
wily across the continent and often placed upon ledges of 
rock in eyery way their equal or eyen their superior. rrhe 
quarl'ying industry at home does not receive the support 
it shuuld, while, foreign markets nrc entered and pur-
chases maue. 
rrhe l'cmnrks just made indicate the lines along which 
investigations concerning the Iowa building stones are 
being made. There is scarcely a county in the eastern 
half of the State which aoes not contain stone of good 
quality for all ordinary building 1Jlll'poses, some of very 
superior character. Thus Johnson county has a rock of 
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which the basement of the new Capitol building has been 
constructed; the same stone was used in erecting the cen-
tral building of the St.ate University at Iowa City, and 
although put up more than half n century ago the tool 
marks are sti1l fresh. Scott and Jones counties have long 
supplied a very snperior stone which has been widely 
used; while ~farshnll has shipped n fine grade of orna-
mental rock to Boston and other Im'ge eastern cities. 
Lyon county has been found to possess exhaustless quan-
tities of' the most durable stone in the world, und one 
which will outlast granite ten times O\'el'. These isolated 
instances show clearly that Iowa does really possess build-
ing stone which has aU the desirable qualities for becoming 
a widely known constructional materia1. 
The work of making the observations and reqnisite 
tests on the Iowa building stone is alreauy wen under 
way. In collecting this information special attention has 
been given to the distribution of the ledges und layers 
best adapted for building purposes, the properties recom-
mending the various kinds and the influences of weathering 
on tIw natural outcrops. In the report which will probably 
be completed next year it is intended to give full descrip-
tions of tIle localities and of the quarries now opened, 
statistics as to production and the methods of getting out 
the stone. Illustrations of some of the finer grades of the 
ol'llamental varieties anel of the larger bnildings and con-
structions erected from Iowa stone will also be given. 
INYBS'l'IGATlON OJ.' ARTESIA~"- WA'fEns. 
The desire for artesian water supplies is widespread 
among Um people of Iowa. The demand for this SOllrce 
of water is not because the State is not well supplied with 
streams ut the surface nor because of the unfavorable 
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AR1'ESIAN WELLS. 6fl 
climatic influences, but for 1'eason of the great conven-
ience in the use of flowing wells and on account of the 
common belief thnt such water is exceptionally pure. 
With the desire of securing flowing wells borings have 
been put down in nIl parts of the State.· In 8 large num-
ber of the cases failure has resulted. 
The principles involved in a successful artesian flow 
nrc so simple tbat it comes to be generally believed that 
the governing conditions 8re equally simple and all that is 
necessary is to put down a hole far enough and a flowing 
weU will result. In reality the conditions of a successful 
flow nre quite complex, and the practical determination of 
artesian areas involves a broad comprehension of the gen-
eral geological fentures of the regioIl, not of the State 
alone, hut of the sUlTounding temtory as well. 
DOl'iug the past year the work of collecting facts con-
cerning the artesian probabilities of the Stnte has been 
carried on vigorously. Records of a large number of 
borings and wells have been obtained and samples of the 
drillings secured whenever poss!ble. By careful compari-
sons of the various data the water bearing strata have 
been traced over a considerable portion of northeastern 
Iowa. The investigation is now being extended into other 
parts of the State as rapidly as circumstances permit. 
Some of the results of this work 8l'e sufficiently complete 
to be made public, and an accQunt of the investigations 
will shortly appear. The work olso odds lorgely to a 
knowledge of the character8 oT the older and more deeply 
buried fonnations in Iowa and discloses much of value in 
regard to their texture and smmtural relations. 
Not only the mapping of the different areas but also 
other considerations are taken into account. These may 
b. noted separately: 
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(1) . '1'he essential conditions of' flowing wells nrc dis-
cussed in connection with their special application to the 
State. The structure of the region, the geographical dis-
tribution of the formations, the texture of the rocks, the 
amount of rainfall and kimll'ed topics require explanation 
and description. 
(2) Under nature of artesian wells there is properly 
included all studies upon the flow, the force and the factors 
upon which it j; dependent, the height to which the water 
rises, causes of decrease in flow and methods of increas-
ingit_ 
(3) In discussing the uses of the waters there are 
considered the adaptabilities of artesian flows; their values 
as sow'ces of power, as supplies for city waterworks and 
as medicinal remedies. 
( 4) Certain methods of" horing and speciaJ fOI'Dls of 
machinery have been found to be more economical in this 
work and n description of these are within the scope of 
the work. . 
( 5) In connection with mapping come those topics 
which relate more especially to the conditions of individ-
ual areas. 
Fundnment~l to this work is the careful collection and 
study of the records of all wells previously sunk in the 
State. These records become very largely the basis of 
subsequent work. In the determination of flow levels 
certnin geological horizons hs,"e bee:n fOWld to be water 
bearing. For example the Dakota sandstone is in South 
Dakota the source of mnny wells; in northeastern Iowa 
the Saint Peter sandstone is the best known stratnm per-
forming a similar function. ,It becomes important to 
determine whieh among the many l.ye1'8 are most likeJy 
to prove "alnable for this purpose. Next to the question 
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of what horizon mny be expected to flll'uish supplies of 
WRter comes that of the depth at which it will be 
encountered. This may be made ant by n cureful com-
parison of the levels of outcrops, surface waters, horizons 
in neighboring wells and similar data. 'l'he Rl'CAS avail-
able for artesian wells can, therefore, only be determined 
by n. detailed study of the structure and texture of tho 
rocks as well as the other conditions mentioned. 
GENERAL GEOLOGY. 
In all geological work there Are certain broad l)l'elim-
inal'Y questions relnting to the origin and succession of 
t~e formations wldeh lUllst be considered in order that 
the best results may be secured in regRrd to the marc 
strictly economic work. Some of these m'C wide-reaching 
in their bearing. They are not confined to n single district 
nor a single county but may extend over a grenter IJnrt of 
the State 01' through several states. Fortunately muny of 
these problems had already beon partially or whoUy solvetI. 
before the work of the Survey had begun. ~ A. genel'f11 
study of the rocks, their arrangement and relations in this 
and the adjoining states had been mnde. Thc rcsults, 
to which the Iowa Survey feU heir at the very beginning 
of its c81'eer,greatly facilitated the pl'eliminal"Y investiga-
. tions which invariably must pl'ecede aU detailed examin-
ations. With the brond geneml questions of inter-statc 
importance already tolerably well nnderstood, those which 
apply more pal·ticularly to the State alone al'e mnch morc 
easily taken up and more readily soh"ed than they conh1 
be otherwise. There is considerable work of this kind 
yet to be done. A discussion of it, which embmces a 
somewhat generalized and co-ordinnted consideration of' 
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the lithologiclll chnmctcrs ot' the (liffcrent formations, the 
strllcture nlUI Ill'l'ungement of the vnrious beds and a 
cJnssificlition of' the formations in accordance with the 
latest criteria of geological science, is necessary. The 
direct 1)(!'lll'ing of the general geological problems upon 
the rnol'e strictly economic phases of the several topics is 
shown more in detail in connection with the remarks on 
the different subjects of which speci~l mention has been 
made. 
The gencrlll scheme of the final report is alrendy forc-
sluulowcd. It includes a genem! description of the geo-
logical features and strocture of the upper Mississippi 
valiey, particularly as· applying to Iowa. It takes up the 
separate geologicnl formations and describes in detail the 
characters and distinguishing features of each. It con-
siders the nrl'8ngcment, succession and thicknesse·s of the 
formations, the variability of the different strata, the 
unconfol'm.ities and deformations. It notes particularly 
.thc useful minerals and substances occm'ring in the differ-
ent parts of ellch formation and points out how most read-
ily to (letect the deposits; it considers also other useful 
materials which arc not ns yet utilized. It discusses 
farther the origin, conditions of deposition and the 8680-
c.iations of the varions beds. 
Among some of the problems which nrc of more par-
ticular interest may be mentioned the exact divisions and 
relations of tl.le uppel' pllrt of the SihU'ian, tlle subdivisions 
of the De"onil1ll and the transitional beds between it and 
the m'er)ying nnd under1ying formations, the castern 
limits of tbe Cretaceous qnd the correlation of these beds, 
nud the age of the Sioux quartzite which is yet to be 
definitely settled. 
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lIA."I"INO, 
.. A modcm geological map is a gt'llphic sumnuu'y of It 
vnst mass of uscful information. In addition to an nCCl1-
l'l1te I'cpresentution of the ordinary geographicnl features, 
us ill the best atlases, a properly constructed geological 
map records much more. On it is indicated, within a few 
feet, the elevation above the sea level of every point 
within the compass of the area; the drainage basins 81u1 
the wntel' powers are noted; UIC distribution and Hmits of 
the different geological formations arc 1,laillly murked; tlle 
various kinds of ores, building stones, clays and nIl min-
erals of economic value contained in the several beds arc 
located; the beat places for obtaining nil these substances 
are indicated. The map also forms n re1iab]e soil index. 
The construction of a full set ormaps of this chal'Oc-
tel' is not the work 'of a few days or of a few weeks, but 
the labol' of se,,'eral years. In connection with the im'es-
tigations of the economic resources of the State there is 
coutemplated a series of maps which sha1l embrace for 
evel'y part of the State aU th~ information above men-
tioned. Some of them wiII be somewhat general ill theil' 
nature and will accompany the different special reports. 
Others will he more detaile(l in theh' make-up nud will 
cover given conn ties 01' such areas as may be thought 
desirable. In the construction of maps showing the dis-
tribution and occurrences of mineral substances it is of' 
prime importance that the surface relief should be depicted 
in a readily intelIigible manner. One which represents 
most closely a perfect miniature of the surface of the 
region is fal' superior to any ordinary atlas. It is 
inyaluable not only to the trained geologist but it is about 
the only practical way by which the average citizen is able 
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to compl'chcnd Ilt n glnnce the explllnatiolls. In proportion 
as the exactness with which the diminutive repre-
sentation approaches the actual Burface, ill the same 
PI'OpOl'Uo~. does the usefulness of the wOI'k increase. The 
modeI'D methods of mnking malls arc 50 far ndv8~ced over 
those of a qU81'tel' of a century ugo that thel'e is uow 110 
excuse for n community to be without the best. 
A properly constl'ucted geological map of a district, 
thet'efore, not only locates the various mineral deposits but 
also l"epl"esents the prominent landscape features by which 
the locations may be marc readily recognized. A relief 
mllp also serves other purposes. Upon it is based the 
models of the marc important districts which al'e to be 
taken as characteristic of much larger .areas and which 
are to repl'esent in a graphic manner. the stl'llctm'e, Drrange-
ment and rclat~ons of deposits. Eventl1nlIy n 1'elief model 
of the entire State wiII be eonstructed on n suitable scale. 
COUNTY RESOUROES, 
As the state is the political unit of the nation, 80 the 
cOlmty is the l)olitical unit of the state. When, therefore, 
in either tl16 IUl'ger 01' the smallel' of the two provinces it 
is desirable to consider any subject with special reference 
to its areal disti'ibution the units mcntioned be\!ome the 
natural divisions into which tl complex topic may be sepa-
I'Rtcu. The rcasons fOl'making the county the Breal unit 
. in the tJ'catmcnt of the nilturnl resources of a region are 
mnny: 
(1) It is the most widely known and familiar politi-
cuI division of local importance. 
(2) It is the district concerning which neady every 
persoll ill the State who is interested in the natural prod-
11Cts of his neighborhood ~Jlqtlil'es. 
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(3) It forms II convenient distl'ict I'm' working ont 
geological deb\ils. 
( 4 ) It is on ureo whose size is l'erhol's best snited to 
the purposes of instruction in the schools. 
( 5) It is eSl'ecilllly snited to the encoumgement of 
detoiled work hy local observers, 
(6) It is the district most commonly inquired about 
by iU"estigatol's living in otber p:1rts of the state 01' in 
diffcrcnt plnces beyond its limits. 
(7) In lowo it is an nren well suited to the I'l'Cporo-
tion of maps. 
(8) It in no wily iuterfel'es, with the ndol'tion of 
other units of' uniform size for n state atlas, should occa- . 
sion demand. 
As has been said, subject \York must necessarily bc 
pushed somewhat morc vigorously than areal work ill 
the beginning of the survey. N O\~el'theless, detailed inves-
tigation of a number of counties has alroady beon nudel';' 
. taken where the conditions are .especiaUy favorable. 
Although every county in the Stote must be thoroughly 
studied before the completion of the survey, it is rendily 
understood that all these districts cannot be taken up at 
011CC. Some must of necessity be studied before oth~rs. 
In making a beginning iu this direction the work has been 
gavel'ned to a gl;ent extent by the investigation us u whole, 
thoBe regions being taken up :6r::;t which best furnish au 
index to the sllrl'ouuding co.unties, thus ellubling the work 
to be done over larger areas and in u much shorter time 
than would otherwise be possihle, Another imlJOrtant ' 
factor in determining the priority of cel'tain counties ill 
which opel'lltiolls have beell begull has beell the presellce 
of yolunteer Bnd local uBsistallts. In this way some 
cOllllties containing educational institutions have affoi'ded 
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specinl ftlCilities. rnw illstrllctors of' geological classes 
in the severn} col1cges have given, to a greater or less 
extent, attention to t.he natural features of' the surround-
ing country uml have often accumulated considerable 
information. By utilizing the facts previously obtained 
and by extending the ObSel'YlItiol1s so as to acco1'(1 with 
the general pluu of the survey the State comes iuto pos-
session of'material of great practical yalue at a slllall cost. 
'l'he reports of these counties will thus serve not only for 
purposes of class instruction but will reach the public 
much sooner than they would under less f'ayorable circum-
stances. In this way work has been undertaken in a 
number of counties and considerable progress has been 
made. 
A volume of the regular size devoted to the descrip-
tion of the geological and economic resources of several 
of thc counties is expected to be issl-zed early during the 
'coming summer. The general scheme followed in the dis-
cussion of each county illclnrles a brief general account of 
the surface relief and drainage, a description of the litho-
logical characters of the different rocks and the geological 
stI'uctUl'e of the strata. The principal geological subdiyis-
ions are considered separately and the means of recogniz-
ing each pointed out. All the mineral deposits of' a nseful 
nature are described, the varions localities taken up in 
detail, the extent am1 distribution defined und the prl's-
ent and future value noted. The soils am1 minerals are 
also discussed and the discriminations to be made are 
pointed ant. Chemical analyses and practical tests of the 
various snbstances nrc also given. Illustrations are incor-
porated wherever required. A map 011 Il suitable sClllc 
accomp:mies the report of each county. 
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CIllU1ICAI, WGHle 
In all geological im-estigations chemical work fOl'lllS 
IIll impol'tunt part. It is often dcsimble to kIlOW, aside 
froll1 the occurrence of' n particular deposit, its composition 
more specifically than can be judged from its genoml 
nppeal'llnce_ rrhe methods followed are not the sume in 
all cases. ,Vhile some substances require n complete 
analysis, lUUIlY samplcs need only a partial chemical exam-
'ination, and with a stilllal'gcr number it is only necessary 
to make specinl tests. 
The chemical analyses made hy the Suney, like the 
wOI'k in other hl'llllches, :Irc lIot to he regarded as sup-
planting work of n similar I1fltll1'C which should be done 
by individuals. All the exnminnti011S undertaken lire 
broad in their bearings I1ml of' spccinl import as explana-
tor,)' of' work which is being systematically carried OIl. 
E\'cl'), analysis made is, thcl'efore, of mnch morc than 
local importance. In ordcr that any analysis may be of 
the widest significance and "~Ine the sampleR must be 
collected personally by the part.ies Imving the investiga-
tions of the particular district in clwl'ge, since in no other 
way can satisfact.ory and accnrate conclusions be drllwll. 
COLr,I~C'l'lOXS. 
In the COUl'se of' the various investigations there 
accUlllulatcs a large quantity of material which mustrates 
the natural products of the State. The best of these 
specimens m'e bronght together, carefully labeled and 
deposited in the rooms set aside for thi!? purpm;e, As 
yet, of comse, the collection is qnite incomplete, but for 
the short time spent npon it the progress has been Ycry 
satisfactory. It is expected ultimately that all the mineral 
materials found in each county will be fully represented 
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and the" collection will form a complete index of what. 
mny be obtained in the Stnte. Being attractively dis-
})Iayed oDd cOIl\'cDiently placed, architects, engineers and 
others may readily and easily examine and compare the 
various samples, and learn what is best adapted for their 
respective purposes. As they lIre deposited in the Capi-
tol, a place persons from all parts of the Stule and from 
every state in the Union m'e continually visiting, the cab-
inet se1"\'es to show in the best manuel' possible what Iowa 
possesses, There are representeel the ,'ol'jons Ol'es, clay~ 
building stones, soils, limes, coals, minerals, fuels and 
innumerable other things of interest, 1\8 well as the l)l'od-
ucts made from Yal'iolls matel'ials, A series of photo-
graphs is also being secUl'ed to illustrate the various 
geological phenomena and, incidentally, Iowa Bcenery. A 
set of cho"rts is in preparation showing the distribution 
and structure of'the various useful deposits. The modele 
already referred to in connection with mapping are also 
designed to be made useful in this connection. 
"The material for the cabinet which bas been obtained 
by different members of the Survey is added to by the 
co-operation of many individuals. Owners of various 
"quarries have" thus offered to furnish, snitably dressed, 
different samples of building and o~ament.al stones, 
Proprietors of clay industrIes have been liberal in supply-
ing suites of their wares and the raw materials. Opera-
tors have endeavOl'ed to send in representative sets of 
their mine products. Others have likewise aided. Although 
this work has o:ply been fairly started, the ensuing years 
will show great gains. 
In connection with the material for the cabinet there 
necessarily accumulates many duplicates which Bre not 
needed by tbe Slwvey after they ha". b.en studied and 
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reported upon. }Iost of' this mnterilll is vet·y valuable for 
class instruction at the various colleges and high schools 
throughout the State, and may be made uvuilable for this 
purpose with little 01' no udditionnl expense. A number 
of educational institutions have ah'cadyexpressed their 
desire to obtain suites i11ustratiyc of the gc~log'Y and 
economic resources of the Stnte. A selected set of pho-
tographs 11ertaining to Iowa geology is also contelllvlntecl 
for class use and mny probably be disposecl of at the nom-
inal cost of mnking the prints. 
LIBRAUY. 
Through exchunges und gifts from scientific organiza-
tions and institutions a nucleus of a geological librury has 
been established. It is essentially a working collection of 
books and is designed to serve as a reference library for 
those directly interested in the geology 'of the State. 
During the past year about one hundred' nnd fifty books 
bearing directly upon geology have been received, besides 
many others incidental1y referring to geological themes. 
In addition, a considerable nuil1ber of pamphlets and 
.unbound volumes haye been acquired. .At the present 
time these are in the geological rooms hut eyentually they 
wiIlprobably be deposited in the State library. Elfot,ts 
are being made to make the collection as complete as pos-
sible in the literature pertaining directly to the local 
geology of the State and in the publications which, though 
relating to the geology of other states, throw light on tlte 
geological structure and resources of Iowa. 
Work Taken Up. 
In addition to the subjects whicb have been taken up as 
principal lines of investigation there have been a number 
of topics which have been regarded as collaternl sub.iects, 
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concerning which, though little independent work has 
yet been done, considerable valuable information hus been 
obtained. In time some of' the subjects .which now hold 
a place of only subordinate importance willl'eceive special 
uttcntion :md be clevated to the position of leading topics 
of ilI\'estig"l1tion. 
'J',H; sorr,s. 
rrhcl'C is probably ])0 phase of ecollomic geology 
which :It pl'c,",cnt nttracts more attention than the study of 
soils. Owing' to the gl'~<lt fertility of' thc yil'gill prairies 
of Io\nl, artificial fel,tilizers huyc not us yet come into nse 
as in the oldcr statcs of the Uuion and in the densely pop-
uJatNi COlllltl'ics of Europe. N cycrtheless, it has begun to 
dawn upon many communities, as it mnst necessal'ily 
SOOllC'l" 01' later eYcl'ywhel'c t that the soils lIlay 110t yield so 
abundantly as years go by. In different part.s of the 
COllut!'.)' the rcal conditions are rapidly being C0111p1'e-
hemlc(l and efforts are being made to rejuvenate the failing 
soii~. rrhe awnkclling is now occurring in many places, 
pnl'ticnlnriy in the eastern and southern states, But the 
suhject is not receiving" attention only in those districts 
whel'c the soi1s nrc part1y 01' wholly" worl1 out." It is 
beginning to he found out that in many places, eyen where 
the soil is surpassingly fertile, proper treatment may 
gl'catly increase the yield. 
During the past two decades there has occurred in 
Iowa ,Illd the neighboring states in successive years vio-
lont fluctuations in the yields of varions crops and at least 
two 01' three times within the period the crops have nar-
rowly escaped almost total failure owing to prolonged 
dl·oughts. Human efforts arc of little avail in attempting 
to change these "Hl'ying cHmatic conditions, but it is quite 
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possible for them to cO'ecL the same results by mnnipu-
lating the soil so tImt it will retain snfJicicnt moisture to 
cnrry ull ycgetntion safely thl"Ougb the most pl'otmctcc1 
dry spells, The nccomplislnnent of thiR is possible through 
the propel' chemical 8ml physical investigation of the dif-
fel'cnt soils. 
rt is commonly considereli that geology is mcrely the 
udjunct of mining, but it is eql1ully the helpmate of agri-
culture. The interdependence of the science of geology 
and the science of' ugricnltm'e is duily becoming mOl'e and 
more intimate. The relations between the }>rimitiYe rock 
ledges nnd the soils resulting from their disintegration ure 
evel' becoming bettcr uIHlcl'stoml. The principle lying at 
tIle· buse of the morc recent soil investigations is that each 
geological formation gives rise to a more 01' less· well 
marked soil type which is especially adapted to particll:lnr 
crops. 'fhe latest work in l'eglll'c1 to this subjcct has 
been on thc·physicnl rather tIlaIl 011 the chemical side ml(l 
the results have been eminently satisfactory, 
'l'he results of the applicatiop of mechanical analysis 
to the study of soils may be here summarized. 
Starting from the fact that the farmer, simply from the 
character and appearance of the soil, is better able than 
tbe chemist, witb his most refined .nalyses, to tell wbat 
kind of grain it will produce, there is reason to belieye 
that the differences in the value of the soils is dne rather 
to their texture and the arrangement of grains thaD to 
their chemical composition; that all Boils contaiu8uflicient 
food !'loterial to SUppOl·t ~rops for years; and that their 
value is measured, not by chemical composition, but by 
their relations to moisture. 
The matter of moisture in a Boil! or the circulation of 
water in it, is yery important and is believed to be one of 
llG.nep. 
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the leading determiuing fnctors in the local <listl'ibution 
of plants. The circulation of water in the soil is brought 
about by two forces, gravity and surface tension. The 
tirst is constant and nets nhvnys in the one direction, so 
that it may be practically neglected, The second acts in 
any direction, either puHing the water up to the plant or 
away from it, according to circumstances. 
It has been found that, upon un uverage, fifty per cent 
of the volume of the soil contains no solids, but is made 
up of only watel' 8mI oil', ond mny be regarded as empty 
sp~ce, If a soil is slightly moist the water will form films 
nround the component grains, If there is an increase of' 
water these films will thicken and, the amount of surfuce 
exposed being smaller in proportion to the weight of water, 
the surface tension will become low. . If, however, the 
amount of water be decreasc(l the sm'face tension in-
creases, os the surface exposed is much greater in pro-
portion to the less weight of water. . 
The total surface exposure of the particles in a cubic 
foot of soil is usually in the neighborhood of 50,000 
square feet, or a little more than an acre; in some kinds 
of soil it is over two acres. This amount of space 
may be divided in different ways and the manner in 
which it is broken up controls largely the surface ten-
sion of the soil moisture. In turn, this determines the 
relation of the soil to the. amount of water it will 
hold. Experiments have shown that different chemi-
cals have two distinct effects upon the soils. One is. to 
directly modify the surface tension of the soil moisture ; 
and the other is to indirectly accomplish the same result 
by inducing changes in the texture. Since upon the SUl'-
face tension existing in the soil depends its ability to 
absorb and to retain moisture, important changes in 
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the cnpllcitics of llUHl may be brought auout through the 
:tpplicution of pl'OpCl' chcmicals and the 110W01' of a giyon 
soil to resist dronght may be "cry greatly increased. 
GYPSU.M DEPOSI'l'S. 
Although this Ims not been regarded lIS a principal 
subject considerable progress hus been made in the inyes-
tigation of the deposits and the work wiH probably be 
finished shortly. Gypsum is widely distributed Hnrl 
occurs more or less abundantly in nearly every geological 
formation eX}losed within the limits of Iowa. rrhe only 
deposits, however, of' commercial yalue are in 'Vebstel' 
county in the neighborhood of l!-'Ol't Dodge. Th€lse beds 
mily be regm'ded as among the most important deposits of 
t.he kind in the United States, while their geographical 
position makes them the most valuable known in the Mis-
sissippi valley. 
In the manufacture of plaster of Paris and in general 
production of gypsum Iowa may now be cOllsidcre~ us 
ranking second among the state.s of the Union. The pro-
ductiye nrca of the state approximates twenty-eight 
square miles. The ucposits vary in thickllC88 from two 
to thirty feet 01' marc, with an average measnrement of 
about sixteen feet. rj'he great depth of the drift in many 
places thl'onglwut the gypsum area often makes it 
extremely difficult und quite expensive to quarry readily, 
and the cost of removing the soft covering with the means 
usually_ cmployed renders it. impossible to utilize t.he thinner 
portions of the deposit. With the iutroduction of propel' 
ul1lJaratns the stripping might readily be accomplished by 
hydraulic means, thus greatly reducing the cost and at 
the same time enabling all the material to be utilized 
at a yery small' expense. The production of gypsum in 
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lawn bns gl'cntIy incl'enaccl dlll'ing the past few ycnra and 
now amounts to morc than fifty thonsand tons nnnnnlly, 
Three 01' fOlU' mills are ill operation, employing about "one 
hundrccl and twcnty-6.\"e men and a number of teams, 
In considering the gypsum there m'e desCl'ibed the 
surface relief, the geological fOl'mations associated with 
the depo~its, the relations of the beds to the various 
strata, the character, quality, extent und origin of the 
gypsum itself, the geological age of the deposits, and the 
availability, Suggestions Ilre also made in l'cgal'<l to the 
general (levelopmcl1t of the industry, 
LEAD AND ZING, 
The lend and zinc deposits of 1100'thensteril Iowa and 
states adjacent are well known the country ovm', W Ol'ked 
for over oue hundred years thoy have continued to yield 
are in gl'cater 01' less amounts up to the present time and 
yet the industry has not reaohed its fnll development. 
The snpply of zinc orc now in sight at the mines is 
sufficient to keep them ill operation fOl' many years, 
ConsidQrable work has already been dono on the ore 
deposits of the state. They will reoeive further atten-
tion during the coming season, It is proposed to publish 
soon an extended account of the delJOsits, The report on 
the subj"ect will consider: 
(1) Tho history of the development of the mines, 
treating especially of the beginning and rapid growth of 
zinc mining in recent yearBJ its pl'csent importance and 
future prospects. 
(2) Au account of the geology of the lead and zinc 
region, the formations in which· the ores OCCUl', and the 
beds to whioh the deposits are confined. 
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( 3) A detailed description of the Illode of OCCUl:rcnco 
of the Iowa ores, their location in crevices, their associa-
tion aua relation to eneh other and other fncts important 
to a complete undel'stnm1ing of the subject. 
(,i) A description of the mines at lll'cscnt in OPCl'U-
Uon. Many of' these havealrcmly been visited am1 much 
vulunble information concerning them gathered. The 
location of' the mines will be shown ou a map of COll-
venient size. 
(5) A detailed review of the difl'erent opiniOl~s which 
arc held as to the origin of the ores. frhis subject has 
recently come into renewed promincilCc und the discus-
sions of tllOse best informed have thrown new light on the 
genesis of these deposits. 
]nXERALS 01<' THi'~ STATE (NO'f ;\UNED). 
1'he minernl deposits which nre at the present time of 
direct commercial importance are taken up as special prob-
lems. There are, however, many minerals of different 
kinds which nrc not mjned and which lIre not as yet used 
commercially. Facts in regard to these are continually 
accnmulating in nll parts of the .state. Some of these 
minerals are known to have a very eonsidernble economic 
valne and will necessarily soon bc the subject of special 
inquiry. Others will be found to 113ve only H scientific 
interest. },Iany having little ornovalue from nil economic 
standpoint are now attmcting popular attention :Ind :lrc 
causing a considerable expenditure of moncy, time and 
labor evcry year, with absolutely no possibility of any mle-
quutc returns. On the other hand a number of those 
having a great economic value are not heing worked to 
the extent that tIley deserve or they have receivCll no 
notice whatevCl'. En~n though many of tho mincl'llls in 
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the state shoul<l pl'm'e to be of no commercial importance 
negath'e results nrc by no means without ,'nIne. Proof 
that certain deposits are not extensive enough or are not 
of n snHicicntly high grade for profitable working will 
be the menns of preventing annually a great waste of 
money and energy. 
In the consideration of these minerals there will be 
gi\'en a complete list of the various kinds, ful1 descrip-
tions of their different occurrences, a catalogue of the 
kno·wll localities of each und the possibilities of their 
extent and utilization. 
UOAD MATERIALS, 
'l'he subject of good highways is attracting much 
attention at the present time. The value and desirubility 
of good roads in the state need not, however, be consid-
ered here, for it is not the province of the survey to tuke 
up the subject in all its various bearings. 'fhel'e are, 
nevertheless, certain phases of the question which prop-
erly come within the range of the investigations for which 
the Survey was organized. Among the things which Illay 
be regarded as demanding attention are the localities and 
character of any superior stone suitable for improving 
the roads, the facilities for transportation and the approx-
imate cost of quarrying und preparation. In additi011, the 
qualities and properties of these rocks Ilre to be consid-
ered. The location of goodgraye]s, their areal extent and 
their quality will Glso receive attention. The subject of the 
utilization of burnt clays as a road material will be fully 
discussed. Some of the railroads are already using burnt 
clay for ballast in preference to rock, sand or grave], with 
good results, so that the extension of the use of this 
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material to highways is in reality beyond the experi-
mental stage •. 
LIMES. 
Iowa is wen supplied with limestone suitahle for the 
manufacture of a high grade of quicklime. Some localities 
are supplying a quality of lime which may be regarded as 
baving no superior in the world. Recent inquiry has shown 
tbat the lime industry is not deyeloped nearly to the 
extent that it might be, and that rocks wen adapted 
to the manufacture of lime are more generally distrib-
uted than was suppose[!. In many places where lime 
was formerly burned the industry could now be readily 
BAd profitably revived, as the circumstances which inter-
fered with its continuance are now largely removed. The 
subject of lime is one of the first which was taken up by 
the Survey for investigation, but owing to circumstances 
which could not be foreseen the examination was delayed 
after the work had fairly begnn. Among the topics to be 
considered in this connection are the properties and 
qualities of the various limes made in the different locali-
ties, the superiority of certain grades, and the chemical 
and physical characters of the rocks especially adapted to 
lime manufacture. The components which give value 
to lime and those which have a deleterious effect are much 
better understood at the present time than they we"e 
formerly; and the grade of lime that can be produced 
from given limerocks may now be predicted with con-
siderable accuracy. The methods adopted and the 
improvements which may be made in the lime industry 
will receive full consideration. 
OEMENTS. 
This subject yearly becomes more and more important. 
The term itself has recently come to be used in a mnch 
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broader sense thou formerly and now applies to all those 
calcined lime products which will set or harden under 
water. Those grades which are capable of a more or less 
complete hardening nre commonly ca11ed hydraulic Hmes 
and are gencra]}y considered better' than the ordinary 
varieties. Theil' hydraulic properties are said to be 
enhanced by the presence of magnesia, and consequently 
certain dolomites- arc weB adapted to their manufacture. 
Aside from certain so-called hydraulic limestones which 
occur in various pal·ts of the state there are other mate-
rials which are capabJe of being made into a high grade 
of Portland or llydranlic cement. The recent investiga-
tions in the northwestern part of the state haye shown 
that there are yast deposits of an excellent quality of chalk 
and clay especially adapted to the production of a very 
excellent quality of Portland cement. Experiments on 
these deposits are now being carried on in a practical way 
and something in regard to their success will be ready to 
be made public soon. rrhe extent of the deposits, their 
composition and the methods of preparation will be taken 
up in detail. 
NATUItAL GAS AND on. 
During the past decade no geological question has 
awakened more popular interest than that of the possi-
bility of finding natural gas und petroleum within the 
limits of Iowa. In a number of places shallow borings 
have yielded from time to time sufficient quantities of 
natural gas for local use. The success of these small 
wells has led to the putting down of much deeper ones 
amI the expenditure of considerable amounts of money in 
all parts of the state. The excitement awakened by the 
diRCQyery of oil and gas in Pennsylvania, Ohio and 
Indiana has stimulated still farther the efforts to secure 
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them in Iown. trhe gencml opinion has been, not only in 
this state, but others as well, that the only PI'e1'cqllisite 
necessary to the securing of' a successful flow of natural 
gas and oil is the sinking of a deep well. In reality the 
subject is DlIlch more complex than is commonly supposed. 
There are certain natural conditions all of which must be 
fuBy considered before a successful flow of either sub-
stance can be obtained. The absence of anyone of these 
can only result in failure. These conditions may be 
reduced to four categories. There must be, (1) a suitable 
receptacle or reservoir in ,v-hich the oil and gas may 
accumulate; (2) a non-porous cover to retain them; (3) 
a particular geological structure orarrangemellt of strata; 
(4) a preASUl'C sufficient'to push the oil. and gus to the 
surface. 
The presence in the Town rocks of considerable qnanti-
ties of petroleum is veil known. The occurence of 
extensive coarse sandstones, conglomerates and porous 
limestones which act as reservoirs is also known. The 
existence of compact, impervious shales which serve as 
covers for the more porous beds is well unclerstood. Arte-
sian or hydraulic pressure sufficient to bring to the surface 
oil or gas, should either exist, is pl'esent throughont most 
of the state. The l'emnining condition - that of geological 
structure- is the chief one which requires investigation 
in Iowa. Considcl'nble effort has been made towards 
solving the problem during the past year. The work 
cannot be finished in a single season, and until nlore 
information is acquired on the subject it is not advis-
able to sink wells for this purpose in the haphazard way 
which has been followed in the past. The pm·ticular phnse 
of geological structurc in question is that the rocks must 
be tilted. tfhis causes in the porous rocks n movement 
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of the water, oil and gas particles, a simple mechanical 
rearrangement~ They accumu1ate in order of their specific 
gravities, the water at the bottom, then the oil, and 
finally the gas .t the top. The special structure of the 
strata which will accomplish the desired etrebt is ordinarily 
known as the arch, fold or anticline. When the top of a 
foM is pierced gas escapes, when the arch is penetrated a 
little farther down oil 1I0ws nut, and when the base of the 
bow is driHed into only water appears. The most cssen-
tialline of investigation that is connected with the inquiry 
into the probabilities of the occurrence of oil and gas in 
the state is the determination of the location, extent and 
trend of the folds. Towards this end much valuable 
information has "been obtained. 
FOSSILS. 
For many years there has b~en a widespread desire 
among certain classes of citizens for a more accurate 
account of the organic remains found in the rocks of the 
state. This demand is becoming more and more urgent 
in the light of the foct that fossils bave such a distinct 
economic importance in the determination of the age of 
useful mineral deposits and hence serve as the most trust-
worthy gnides known in tbe furtber development of the 
natural wealth of a region. In the attempt to satisfy 
properly the demands arising in connection with the 
work of this character it is at~preBent contemplated to" 
present as brielly os possible, (1) an index to tbe fossils 
of the state, through means of which forms now known 
to occur within the limits of the region under considera-
" tion may be recognized readily without recourse to great 
libraries; (2) a list of the works pertaining to Iowa fos-
Rils, in which is brought together all that has been written 
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on the subject and which is now widely scattered and prac-
tically inaccessible; (3) a concise summary of all that has 
been done up to the present timc in this branch of science 
so far as it pertains to the state of Iowa; und (4) an index 
to a more comprchensiye study in the solution of prob-
lems now more or less obscure concerning the arrangement 
and relations of the various strata. 
The cconomic \'alue of fossils is commonly overlooked. 
Ordinarily these remains of ancient life are regarded 
merely as curio11s; to the specialist the interest in the old 
organisms is whol1y scientific; bnt by him who is fairly 
well acqnainted with thcil' character the rocks are read as 
a printed page. One of the best established facts of 
mo(lern geological science is that there is an intimate rela-
tion between all mineral deposits and the snrrounding 
rocks; hence the nge of particular beds becomes an import-
ant fuctor in the early attempts to develop new mineral 
districts. These inferences rest upon one of the cardinal 
principles of geology, that the geological sequence of 
strata is determined most readily by the remains of life 
contained. Thus in reality fossils are labels on the rocks, 
telling one at a glance thc age of the beds being worked 
anrl providing the most reliable guides that could possibly 
be secured iu directing the miner and prospector to the 
layers most Jike]y to contain the mineI'HI sought. 
In connection with the work recently done and which 
is being contillu(>d, a typical series of the most character-
istic fossils of each geological forIiultion will be conected 
and fll'l'Uuged in the cabinet for ready reference. Event-
ually a report on the subject will be prepared in accord-
ance with the lines already marked out. 
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STA'fIS'fICS. 
In ordel' to compnre the yearly }>l'ogross of the dift'erent 
industries dependent on the geological resources of the 
state, it is desirable to coHoct annual statistics in l'egnrd 
to the work and output. The information obtained is 
regnl'ded as strictly confidential in every way, and the 
tables of comparison are arranged by countiosin sucl) nmnn-
ner as not to disclose the details of any individual business. 
Work Yet to be Taken Up. 
It perhaps is hardly necessary to state that it is a 
physical impossibility with the present resources of the 
Survey to consider all subjects in the beginning. Some 
must wait until others have been disposed of. With the 
means at commnnd at present the different topics must be 
taken up and investigated in the order of their importance. 
Among the subjects which huve not as yet been taken up 
in connection with the other work are a number of very 
considerable import. 
The lignites, or brown coals, of the Cretaceous deposits 
of northwestern Iowa are now known to be of consider-
able importance; und their extent is much greator than 
heretofore suspected. Different localities are reported in 
which the veins of brown coal are upwards of four feet 
in thickness. By comparatively inexpensive mothods of 
cleaning and gl'imling it may be made into briquettes 
which have the properties and qualities approaching the 
harder coals. Should·the deposits be fonnd as extensive 
as they now seem, the whole northwestern part of the 
state and the adjoining portions of N ebraskn, South 
Dakota and 'Minnesota could be supplied with a very 
desirable fuel, which would compete with the eastel'U coals 
now largely used in these districts. 
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rrhe 1Jeots of' the statc tlrc known to be quite exb.msh·c, 
;Iud with propel' treatmeut cnn doubtless bc utilized to 
advantage as fuel in those locaJities whcre othcl' kinds nrc 
difficult to obtnin. In this connection their distribution 
nnd availability become important subjects for future 
considerntion. 
The i,.on ores of the state huvc never l'eceh'ed any 
atten~jon, and their occurrences should probably. form a 
theme for early investigation. The vllrious kinds which 
occur throughout the Coal ltleaSlll'eS aud in the differcnt 
l'egions of northeasteru Iowa as well as elsewhere require 
careful consideration. The extent, distribution and util-
izati?ll of the.severnl kinds of ore and the . methods best 
suited to their development should receive the attention 
they deserve. 
The deposits 8uitab1e for the manufacture of' mineral 
pigments is an important subject. In Jasper county an 
industry has been started for manufacturing metalli.c 
pnint. Though only recently hegull the output is alrendy 
over 2,000,000 pounds a year. There are many othcr local-
ities which doubtless furnish materials which nre equally 
well adapted to such uses. There nrc, besides, ocher and 
other substances which might also be utilized to n grent 
advantage. 
Mapy sands of the stnte might be readily used lIot 
only for building' but for other purposes. At numerous 
points these sands nrc sufficiently . pure to admit of 
the manufacture bf a good grade of glass. In the north-
eastern part of Iowa, in Clayton county, siliceous matedals 
of this description have been shipped for a uumber of 
years to Chicago and lIIihvaukee for glassmaking pur-
poses. There is no reason, however, why these industries, 
should not be started up within the limits of the state. 
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The crystalline roc/.·s of Iown, though small in extent, 
demand investigation. 'fhe principal al'en is in the north-
westerIl part of the state and the stone occUl'ring there 
forms the most durable building rock known. 'fhe origin, 
relations and accessibility of this rock require attention. 
LUI'ge boulders of gl'anite and othe!' cl'ystalline rocks, forty 
to fifty feet in diameter, OCClll' wielely scattered over the 
northcl'Il part of the stnte. J\Inny of these have been 
quarried fOl' building purposes aml the extent to ,,;hich 
they ure utilized should be understood. 
The so-called IIltlds of Iowa, though not yet used for 
fertilizing purposes, may gh'c rise before many years 
to a new iIldnstry. It is desirable to know the localities 
and extent of these deposits. 
Tho mineral 'Waters of the state are Illuny. A descrip-
tion of the different kinds, their origin, composition and 
mediciual properties, as weH as the extent to which they 
are at present used, shoulu be considered. 
1111e 'lvater power.'> deserve more uttention than they 
now l'eceh'c. The recent great develolJment in the use 
of electricity fUl'Ilishes a ready means for utilizing the 
waste power of stl'eams by converting it into a form of 
energy of the highest practical utility. 'rhe amount of 
power that may be developed in the streams of Iowa is a 
question of great importance to every community. 
PUBLICATIONS OF THE SURVEY. 
1'ho general plan of publication of the reports of the 
Survey h!ls already been explained. It remains to state in 
this place what has been done towaru placing the results 
of the work before the pubHc. '}'wo volumes of about 
500 pages each have been made ready and a thi~'d is now 
in press. The contents of the three are appended. 
UIwou'rs I·UULISlIEI>. 
VOLUME I. FIRST ANNUAL REPORT. FOR 1892. 
ISO Pages, 10 Pla/es, 26 FigllTrs. 
CONTENTS: 
Administrative Report of the Slate Geologist. 
Administrative Rt'port of Ihe Assistant State Geologist. 
Geological Fonnations of IUW3; by Charles Rollin Keyes. 
95 
Cretaceous Deposits of Woodbury and PIJmollth Cuunties, with Observations on 
their Economic Uses: by 5.'lmuel Calvin. 
Ancient 1.3\'8. Flows in Northwestem Iowa; by Samuel \V. "eJ·er. 
Di,;triblliion and Relations of the Saint Louis Lime. .. tone in Mahaska County, 
Iowa i by Harry Fostt.·r Bain. 
Annotated Catalogue of Minerals; by Charl~s Rollin Ke)·es. 
Some Niagara Lime Burning Dolomites amI Dolomitic Building Stones or Iowa: 
by Gilbert L. Houser. 
Bibliography of lo",a Geulogy; by Charles Rollin Keyes. 
Price, in dolk, 95 cents,' postaJ!e, .JI ctll/S. 
IR paper, 10 ceN/s" pos/llJ!e, iI6 cents. 
VOLUME I I. COAL DEPOSITS. 
- CONTENTS: 
536 Ages, IS Pla/es,221 Figlm:s. 
Chapter I. Introduction. 
Chapter n. Origin of Coat 
Chapter III. Carboniferous Basin of the Mississippi Valley. 
Chapter IV. General Geology of the Coal Region. 
Chapter V. Lithology of the Coal Measures. _ 
Chapter VI. Stratigraphy of the Coal Measures. 
Chapter VII. The Coal Beds. 
Chapter VIII. Description of the Coal Beds now operated in Northcentral Iowa. 
Chapter IX. Description of the Coal Beds in Central Iowa. 
Chapter X. Description of the Coal Beds of Southeastern Iowa. 
Chapter XI. Description of the Coal Beds of Southwestern Iowa. 
Chapter XII. Description of the Coal Beds of the Outliers in Eastern 10",;1;. 
Chapter XIlI. Composition of Iowa Coals. 
Chapter XIV. Waste in Coal Mining. 
Chapter XV. The Coal Industry. 
VOLUME I I I. ANNUAL REPORT (IN PRESS J. 
CONTBNTS! 
Administrative Repurt of the State Geologist. 
Administrative Report of the Assistant State Geologist. 
Administrative Report of the Chemist. 
Work and Scope of the Geological Survey. 
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Gypsum Deposits of Iowa; by Charles Rollin Keyes. 
Clay Industries of Western (half of) Iowa; by E. H. Lonsdale. 
Certain Building Stones; by 5. W. Beyer. 
Thickness of the l'aleozoic Formations in Northeastern Iowa; by W. H. Norton. 
Carboniferous and Devonian Outliers in Northeastern 10\\'a; by W. H. Norton. 
Glacial Markings in Southeastern Iowa; b}· F. M. Fultz. 
Cretaceous Rocks of the Sioux River; by H, F. Bain. 
Zinc Industry; by A. G. Leonard. 
In mlditioll to the reports melltione(l a number of 
papers announcing results worthy of special notice have 
appeared in some of the principal scientific journals. 
During the year articles of a popular character lmve been 
given to leading ncwspuIJel's of the state. Besides bring-
ing ont fnets of both permanent and temporary yalue and 
supplying in a measure an ever incl'cnsing demand for 
infOl'mation in ad,,:mce of the completed lines of inyesti-
gation, these articles keep the public in close touch with 
the progress of the work ill the different parts of the state. 
'fhc usefulness of' this feature and the deep and widespread 
populnr intcrest taken in it has been very much greater 
than was at first anticipated. During the past year upwards 
of fifty articles of this kind haye been sent to various news-
pal)et's. The UI'gent demands for information concerning 
the different Hnes of work have been so numerous that 
o\'en gl·C.1 tel' etl'orts in the same dil'ection will be made 
during the coming season. 
FUTURE OF THE GEOLOGICAL SURVEY. 
'rhc foregoing is n brief statement showing the scope 
of the snrvey and the methods followed in investigating 
the natural reSOU1'ces of the state. A summary is also 
given of what has already been accomplished during- a 
Veriod of but n little over one year, of the work 
which is in progress and of the work which is yet to be 
taken up. It muy be readily inferrecl that a geological 
suney of' a region, a thorough .investigation of t1lC use-
ful deposits of a given district, is not n luxury which a 
stnte may well be without; but it is one of the funda-
mental factors of all iudustl'iul activities. In the words 
of one who has been, and is yet, prominent in the afl'airs 
of State, n properly conducted geological suney II is 
:m investment which will yield good returns to the POOl' 
as well as to the rich; it is a work of' improvement which 
will enhance the vnlne of property; a work in harmony 
with the peace-Im-ing spirit of the age, in accordance with 
which the energies of the state are being directed more 
and more toward industrial development." 
'HIe demands which are continually being made upon 
the sUI'vey from nearly every part of the state show 
clearly the widespl'eml interest taken in the different lines 
of investigation witI} which it has to dea1. As the work 
continues the fact is coming to be more and morc appre-
ciated by the people in general that the cluss of inyesti~ 
gations now being done is what.should have been under-
taken a generation ago. 
The work of the geological survey is now fairly 
begun. 'l'hc plans of operation along dift'crcnt lines nre 
fuBy laid onto 'l'he investigations ullfIcl'taken arc pro-
gressing systematically. 'rhe results arc rapidlyaccumu-
lating. In order that the work may bc canied on to com-
pletion time is l'cquil'ccl. A fitful existence cun only gh-c 
rise to .a depreciation, in a great measure, of the results 
already nttnined. 'l'hat the attainments may lust fOl' all 
time to the benefit of the state liberal provision is nec-
essary to carry the wm'k to completion. 
For reasons fully stated elsewhere practically only 
one field season has been allowed for wOI·k. The first 
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appropriation has thus been made to co\'el' n little more 
than It year and It half. In order that the work may 
be continued with the same vigor during the next two 
years the mmual appropriation should not be less than 
tlmt in the pnst. 'fhere is} however, u desire to have the 
investigations go on more l'apidl:t" the reasons for which 
have alrcfI(ly heen staled.. If the work is to be extended 
in the llumner expected an enlargement of the means for 
the next one, two or more biennial periods, as the case 
may be, is necessary, after which H diminished amount 
would suflice until the completion of the survey. The 
advantages recommending this plan rather than that of 
smaller expenditures extclldillg over It long period of 
years, arc greater economy, morc definite limitation to 
t11e completion of the work, quicker at.tainment of results, 
and earlier presentation of the information to the public. 
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The Cretaceous formations of the upper Missouri 
region have long attracted attention. As early as 1839 
the rocks at the mouth of the Sioux river, near the site of 
the city of the same name, were examined by the French 
explorer Nicollet. Since that time the locality has been 
visited by a number of workers and by them has been 
made the starting point for all geological investigations 
in the region. While the knowledge regarding the beds 
along the :Missouri river has become quite complete, infor-
mation pertaining to exposures along the various tributa-
ries has been almost wholly neglected. Along the Sioux 
river, which forms' the nortlJe;'n third of tllC western 
boundary of Iowa, the formations have received no notice 
except that which I1fts been merely incidental to the exam-
inations of more western districts. 
In prosecuting the recent work it was found adyan-
tageous to begin with the well-known outcrops at Sargeant 
bluff and Sioux City. The Cretaceous exposures, how-
ever, begin some distance further down the Missouri river, 
so that the section of the Cretaceous made is not complete 
for the entire western border of the state. There are at 
least 100 to 200 feet of strata referable to this age which 
are below the horizon taken as the base line in the present 
connection. 
'01 
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The difficulties attending the study of the rocks of 
northwestern Iowa Brise from two sources. In the first 
place the various members of the Cretoce011s of this 
region are very slightly indurated. The second difficulty 
is caused by tbe great tbickness of the drift throughout 
the l'egioll~ OIl account of the softness of all the mater-
ials, exposures made by streams nre more rapidly obscured 
thaD ordinarily and the stratigraphical details Ol'e not 
easily made out .fter a short period. On tbe other hand 
there has been produced topographical effects of wonder-
ful beauty and variety .. 
From Sargeant bluff to a considerable distance beyond 
Sioux City the hills are made up almost entirely of loess, 
the Cretaceous beds being exposed only a few reet above 
the river level. The "10es8 of this region is the typical, 
fine, homogeneous material retaining its usual character-
istic topography. It is marked by pictw·esque bluffs from 
wbich single points stand out as isolated peaks 150 to 300 
feet above the water level. North of Sioux City the 
bluff's on the east side of the Sioux river rise fl'om the 
watel"s edge. On the opposite side of "the stream 8S far 
up as Westfield there is a broad level plain wbicb stretcbes 
away westward to the Missouri. The level bottom land in 
Dakota spreads out between the two rivel's for a distance 
of twelve to fourteen miles. Beyond is the low fringe of 
-green timber" marking the course of the )Iissoul'i and back 
of this again rise the higb bluffs on the Nebraska side of 
the stream, too far away to be distinguished except in the 
clearest weather. 
About two miles below Westfiel,1 low rounded drift 
hills appear on the west border of the Sioux and it is here 
. that the Sioux valley proper opens into that of tbe Mis-
SOUt'i.. From this point down to its month the fonner 
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stream flows across the flood plain of' the 
Intter, the one keeping close to the ensterll 
edge, while the channel of the other is well 
towards the opposite side. In this por-
tion of its course the Pleistocene (leposits 
along the Sioux river are very largely loess. 
North of Westfield the latter becomes less 
conspicuous. 
The drift hills of the Sioux valley 
p"oper, f"om Westfield to Hawarden, hllye 
low rounded outlines. From the latter 
point to G1"onite station gl'B\'el beds become :! 
more prominent, forming a series of "ter- ~ 
races which are usually well marked and :' 
extend along the riYer fQr miles. The basal 
beds of the <h·ift at this place are made up 
almost entirely of large rough boulders of 
considerable variety, yet in the main 
derived from the Sioux quartzite. In si7.e 
they range from ten feet in diam~tel' down 
to the smallest pebbles, There is a mOI'e 
or less complete stratification noticeable 
in their arrangement. At Granite, t11e first 
exposure of Sioux quartzite is encountered 
in place. Two miles to the north the river 
cuts through ledges of this rock forming 
the most southerly of the gorges whieh 
mark R_consitlcl'able l)ol'tion ·of its COUl'se. 
The large number of excellent expos-
ures in this region allows the order and 
general succession of the rocks to be made 
out with considerable detllil. The structure 
is at no point very complex. The beds ha\'C 
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been practically undisturbed and apparently have now 
nearly the SlIme inclination us when originally deposited, 
with a gentle slope seaward, ill this case to the northwest. 
In u few places Jow anticlines and broad, shallow synclinal 
troughs arc noticed. 
It has recently been shown by Calvill* that the Creta-
ceons beds of northwestern Iowa contain the record of 
continuous subsidence; that the different formations were 
in fact laid down, in part at least, contemporaneously, the 
inol'e open sea depositions gl'UuuaUy encroaching farther 
and farther inland nnd overlapping the more strictly lit-
toral deposits as the shore sank beneath the invading 
waters. 
In working up the Sioux river from its mouth, the 
rocks are seen to ha,·c a slight d·ip to the north .. From 
Sioux Oity to Hawarden the different beds pass succes-
sively below the water leye1. From Hawarden to CalltOli 
only a few outcrops al'e seen, and the interval seems to 
represent a low syncline. At the latter point the Nio-
brara again appears, followed soon by the Sioux quartz-
ite, the beds which further southwal'd lie immediately 
below the chalks being here apparently absent, 'fhe 
geneJ'al relations of the formations al'e represented in 
Figure 1, which is a section along the Sioux rh'el' from 
Sioux City northward to the state line, Number 1 is the 
Dakota, with two sandst.one bands at the top; 2 is the 
Benton shale; 3, the Niobl'H1'fi chalks; 4-, the Piel'l'e shale 
in tim trough with Hock river ill the middle; 5 is the 
Sionx qnartzite; G is the drift and loess mantle. 
At X ol'th Riverside the section exposed is as fol-
lows: 
--~-~-----~-~~----~-~~~-
* Cretaceous Deposits of Woodbury and Plymouth Counties; Iowa GeoJ. 
Sur., vol. J, First Ann. Rep., pp. 147-161. Des Moines, 1893. 
IOWA GEOLOGICAL ~URVEY . PLA TE VII. 
DAKOTA AND BENTON FORMATIONS ON THE SIOUX RIVER. WESTFIELD. 

JlA WAlCDEX BEDS. 
FEET. 
7· Loess ••••.••.•.••.••..•.•.•.•.•.•.•.•.•...•...... 30 
6. Sandstone, calcareous, white, fine-grained, shalr in 
pari, with abundant characteristic planls......... 15 
5. Shale, variegated in color, with streaks ofsand ••••• 28 
4. Lignite, impure......................... .......... j~ 
3. Shale, cla)'e)', variable, with bands of rerruginous 
nodules ..................................... .. 
2. Sandstone, coarse-grained, orange to red in color, 
containing quartzitic concretions ....•....•...... 
T. Shale, clayey. dark gray to drab in color .....•..•.. 
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Fu..1'ther north these strata pass successively beneath 
the riYer until at the Crill mill only the upper sandstone 
(numher 6) is seen, The seotion at this point, whioh is 
one of the most instructive now exposed above the wuter 
le~'e], is as follows: 
FEET. 
5. ~fi .•.•..•••...•.............•................. ~ 
4. Limestone, chalky ............................... . 
3. Sbale, dark blue to drab, sandy in places... .•...... SO 
2." Sandstone, fine-grained, calcareou.Ilo, light buff to 
white ......•..................•...•......•...... 
J: Lignite {exposed} ....................... "........ 1M' 
A short distance above the point mentioned the sand-
stone (number 2) passes beneath the level of tqe river, 
The drub shales persist with frequent outcrops some twelve 
miles farther, The chalky limestone (number ±) con-
tinues to be exposed at intervals to the north, 
Within three miles of Hawarden the chalk ,'ock 
becomes covered ut one point by a Iatel' deposit. The 
section exposed is : 
FEET. 
_3 Drift ............................................. 35 
2. Shale, drab 10 blUe, argillaceous, sandy in part, cun-
taining selenite crystals..... .. ............... . 2S 
I. Umestone, rossilirerous, thin.bedded, \\ith chalky 
partings ............. ~ ....................... . 
In the axtl'eUlC northwestern corDer of Iown the Sioux 
quartzite rises abo,'e the water le,"e1 of the l'h'er. 1Yhile 
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no actual juncture between 8Uy of the Cretaceous beds 
and this rock have been observed witbin the limits of 
Iowa, a nnmber of" exposures in adjoining portions of 
South Dakota show that it is covered in part, at least, by 
the chalk "ock of the preceding section. 
Meek alld Hayden, ill tlleir studies of the Cretaceous 
iu the upper Missouri region, differentiated five forma-
tions *: 
5. Fox Hills, sandstones and arenaceOllS shale~. 
4. Fort Pierre, bIlle, argillaceous sbales. 
3. Niobrara, chalks and limestones. 
2. Fort Beuton, variegated shales. 
1. Dukotn; sandstones. 
The lowest member, the Dakota, has been recognized 
over a wide extent of territory, and is commonly regarded 
as the basal member of the Cretaceous in the upper Mis-
souri region. To it the rocks in the neighborhood of 
Sioux City' were early referred. While in the main the 
differences between the Dakota "and Fort Benton are well 
marked, a gradation between them has been frequently 
noted, especially in the more eastern portions of its limits. 
~rhis transition is so notable in Iowa that White grouped 
the two together nnder the name W oodbul'Y shnles and 
sandstones." The difficulties encountered in sepal'Oting 
the formations were also clearly recognized by Hayden. 
The genel'al utility, howevel', of the division has not been 
doubted. 'Vhile there is no lVell marked physical break 
between the Dakota amI Fort Benton formations, they 
are as a rule sbarply cOlltl'8f~tedJ and at numerous points a 
weU defined line of separation may he recognized. In 
Iowa the relnti"e thinness of the beds make the separation 
• u. S. Geo!. SUr. Terr., vot. IX, pp. XXI\"-X:l(\'" Washington, 1876. 
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of less ndue stratigraphically thun elsewhere, though it 
may still be recognized. 
The Dakota, as deyeloped in lown, consists of sand-
stones, clayey and sandy shales and may on the whole be 
characterized as prevuilingly arenaceous as cOlltmsted 
with the overlying m'gillaceons beds. Described more 
particularly tile Dakota contains certain well marked 
sandstones, ill pud call'UreOllS, fine-gl'ained, white or butf 
in color, and in part drab, course-grained, ferruginous, 
assuming in places (llUll'tzitic facies, complex beds of clay 
and clay shnles of \'arinble color and texture, sundy shales 
aml thin beds of lignite aud coal of different degrees of' 
pl1l'ity. 
:At the well-known outcrop at Sargeant bluil', seven 
miles below Sioux City, there is exposed: 
FEET. 
5. Loe.~s, thickening back from the river and forming 
bold bluffs 100 to J50 feet high.. .Jo 
4. Sandstone, fine.grained, light buff to white above, 
coarse, orallge-)'cIlow below. . . 25 
3. Ligllitc, more or less earth)', usually of a dark purp-
lish hue..... 1}4: 
2. Shale, variegated, brillialltorange touark olivt:gre~lI, 
with interstratified beds of fine whit~ sand and 
.thin bands of ferruginous concretions containing 
plant remains.. 18 
I. Shale, sandy. reddish, becoming drab to orange 
below; and containing large ferruginous sandy 
masses with plant remains... 25 
.At the foot of Prospect hill in Sioux: City is another 
exposure of Dakohl, where two sandstones nre seen 
separated by shale: 
4. Loess. ., ............. 60 
3. Sandstone, dark yellow, coarse.grained, willt ferru-
ginous concretions. 
2. Shale, clayey, dark blue 10 drab ............ . 
I. Sandstone, fine-grained, homogeneous, white. 
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Probably the best of the exposures examined in this 
vicinity is the one at Riverside all'eady given. North of 
this point the lower sandstone (number 2) splits up and 
becomes shnly. It also thickens considerably and merges 
more 01' less with the underlying shales. At the Reese 
"granite" quorry it exhibits an interesting quadzitic 
facies. A pOl'tion of the sandstone has become .indurated 
and forms a ]lnrd, steelgray layel' with a thickness of' four 
feet. 
At Cedar bluff is a good exposure which has been 
frequently described. The beds seen here are as fol .. 
lows: 
9· Loess .•...••.....•.•.....•••......•.•.•......•... 50 
8. Ume5tone, thinly bedded, exposed in slope above .. 
1. Shale, buff, sandy, with layers or sandstone one to 
two inche5 thick, and ferruginous concretions.... 25 
6. Shale, drab to dark blue; fine·grained, argillaceous. 28 
5· Sand and lignile mixed ...•.••.•.••...•....... ;.... 1M 
4. Sandstone, ","hite, calcareous. loosely consolidated.. 8 
J. Shale, argilJaceous, sandy in part, drab to blue..... -
2. Sandstone, white to orange, coarse-grained, with 
ferruginous concretions ......•..•...•........••. 
J. Shale. variable, largely arenaceous, imperfect1y. 
(exposed) ..•.....•.•......................... -35 
Numbers 1 to 5 inclusive may be referred to the 
Dakota, 6 and 7 being Benton and 8 Niobrai·a. North 
of this place the Dakota" is found at successively 
lower levels uutil at the old site "of the Crill mill only a 
thin band of lignite and "the upper sandstone members are 
visible. A short distance beyond, the lower member of 
the Cl'etnceous passes beneatll the leye] of the river and 
does not )'e~ppe8l' agnin in Iowa. 
The following may be given as a general section of 
the Dakota as found in the vicinity of Sioux City: 
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FEET. 
5. Sandstone, fine-grained, calcareous, light buff to 
white, well characterized by an abundance of pJant 
remains ..... 
4. Shales, argillaceou5. arenaceOIlS in part, \'cry vari-
able in color, and texture, containing thin beds of 
impure Jib'11ite and bands of ferruginous nodules.. 50 
3, Sandstone, coarse'gmined, shaly in part, with a 
quartzitic fllcies ; variable in thickness ....... 10 to 30 
2. Shale, argillaceous, dark gmy to drab ......... . 
I. Sandstone, fine, white, homogeneous. .. ......... .. 20 
Sandstone number 1 is seen at the foot of Prospect hill, 
and above it at this same place is shale number 2, be:lieved 
to be the same as the one seen at the base of the pit of the 
Northwestern Pipe and Tile Works at Riverside. N um-
uer 3, uppearing first at Prospect hm, is well character-
ized at North Riverside, ancI becomes quite prominent 
from there to Cednr bluff, at which pl~ce it has become 
divided and assumed a shaly character. Beyond, it thins 
out considerably and soon passes below the wutel' level. 
Number 4 is the 1110st prominent bed of the entire forma-
tion. It is exposed at Sargeant bluff', is prominent at 
North Riverside, mid the lignite. at the base of the Crill 
mill section is believed to belong to it. Number 5 is con-
sidered dIe uppermost member of the Dakota group. It 
is seen caping the section at Sargeant bluff~ is nt the top 
of' the Rh-erside section, appears at Cedar hluff and at the 
base of the Crill mill exposure. 
The relations between the Dakota and Benton are, 
pel'haps, most sharply defined at the Crill mill. Here 
the Upp~l' sandstone of the Dakota is a massive, quite 
homogeneous bed, twenty feet thick. Irnmedintely over-
lying it are strata of undoubted Benton age. 
The Benton formation, as defined by Hayden, is 
a dark gray, laminated, plastic clay containing abundant 
pyrite concretions and numerous selenite crystals. It is 
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extensively developed along the upper ltIissollri and 
i~) the Blnck Hills. Its estimated total thickness is 
800 feet. In passing down the ~IissoUl'i river from 
Pierre it gets successively thinner and thinner, until in 
Iown it is represented by a comparatively unimportant bed 
of shale scarcely fifty feet in thickness. The southern 
limit of the formation is not well defined. At Cedar 
b]uft~ beds 6 and 7 may be referred to it. Calvin gives its 
most southerly exposure at about four miles below the 
month of Broken Kettle creek. There are numerons 
minol' exposures neal' the mouth of that stream. In the 
Crill mill section the Benton forllls the median portion 
and is quite well exposed. The most northerly exposure 
known is on the Dakota side about eight miles north of 
Akron, at the site of the old Otis mil1. It is also more or 
Jess completely exposed at a number of intermediate 
points. 
The formation is represented by n dark blue to drab 
shale, slightly arenaceous in places, mHl somewhat calca-
reous llear the top. Selenite is frequeiltly ahundnnt. The 
thickness of the beds is about" forty feet, though at Crill 
mill a slightly greater vcrtical extent seems to be indicuted. 
A number of "crtcbrate fossns have been fonnd in the 
shales, und molluscan remains are not uncommon. Ino-
ceramus }JJ'oblematicus, SclIlotheim, is especially common; 
though this fossil is found occasionally in all the members 
of the Cretaceous of this region, being most abundant 
in the Niobrara. 
ffhe close relations existing between the Benton and 
the Niobrara are everywhere noticeable. The upper 
portion of the former becomes gradually more calcareous, 
thin bands of limestone divide the shale, and the fossils of 
the superior member appear. 'l'hese facts, which have 
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been widely noticed, hl.1s led to the gronping of thc two 
formations undel' the nalllC Colorado, as proposed by King. 
'rhe Niobrara division has probably a wider geographic 
distribution in lawn thnu any oth('l' of the Cretaceous 
deposits. It is 1.1180 the most constant in lithological 
f('utul'cS and is cha1'3ctcl'ized by Humerous species of fos-
sils, so that its recognition is easy and secure. A general 
section of this member is : 
J. Chalk •..... 4 tu 6 
2. Limestone, sort, splitting into thin slabs and crowded 
with shells of Inoceramus.,. 
I. Chalk, 
On the west side of the Missouri these beds extend 
for'n distance of nearly thirty miles below Sioux City, 
thong'h in Iowa they have not been recognized much 
below the northern bouudary of l,Voodbury county. 'fhey 
are known to extend as far cast as Sac county. They 
are exposed in the slope above the top of Cedar bluff and 
in the section at Crill mill. In tIle neighborhood of 
'Yestfield the Niobrara forms t~e major portion of the 
hills. An exposure immediately heyond Akron shows a 
thickness of twenty feet or more, and three miles below 
Hawarden it is again seen. Beyond the last Hamed point 
the beds apparently pass below the rh'er level and are not 
seen again until Canton, South Dakota, is reached. At 
this l)oint the chalk rock was formerly quarried amI used 
for building purposes. The superposition of the Niobrara 
011 the Sioux quartzite is shown at a number of places near 
Carson, South Dakota, about five miles north of the Iowa 
line, where a thickness of fifteen feet of Niobrara stl'llta is 
seen overlying the quartzite. 
At all the exposures just mentioned, as well as a 
large number of oth~rs in adjoining regions, the Niobrara 
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prcscnts similar lithological characters. It is composed 
of yarying proportions of chalk and limestone. The former 
is soft, white to buH' in color, more or less fossiliferous, 
and while in places quite free from limestone for se\'era] 
feet, in others it is interbedded with it. The limestone is 
also soft, yery fossiliferous, and quite thinly bedded. rrhe 
different layers of limestone are separated by thin beds 
of chalk usually from one and one-half to ten inches in 
thickness. 
Beds referable to the Pierre nre exposed about three 
miles south of Hawarden, in Sioux county (Tp. 94: N., R. 
XL VIn IV., Sec. 15). At this place the river makes 
a sharp bend und washes the face of a high bluff. 'rhe 
Chicago, Milwaukee and St. Paul railway has been built 
along the base of this bIni}', which is at one place cut by a 
smal1l'llyine. The following section is eXIloseil : 
3. Drift 30 
2. Shale, drab to blue, argillaceous, sandy in part, with 
numerous selenite crystals... 2S 
I. Limestone, fossilirerous, thinly bedded, with chalky 
layers .. 
The lowcr portion (number 1) is manifestly Niobrara. 
It exhibits all the lithological characters which distinguish 
that formation in this region, and contains many of its 
most characteristic fossils. The shale which lies ubove 
the chalk is fine, drab, argillaceous, rather unctuous; con-
tains some carbonaceous matter, balls of pyrite, thin veins 
of gypsum and much selenite. The latter usually occurs 
as small rosettes in the clay, though weU formed crystals 
are not uncommon. The deposit is quite homogeneous, 
heing to all appearances of the same character throughout 
its entire thickness. It is finely fissile, splitting easily 
though not sharply along the bedding planes. It is firm 
at first but crumhles under weathering influences, though 
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maintaining on abrupt face ill exposures. Along pIlUle:; 
of division sand is not uncommon, though always in smull 
quantities. 
In all its lithological clU1r8ctel'B the HllwOl'<1cn bells 
ogree closely with the desCl'iptioll given by Meek of the 
IOWC1' member of the Pierre formation os occurring 
thro.ughout the upper Missouri region, There is little 
upon which to base n paleontolog.icnl correlation, The 
fossils occurring in the Hawarden beds al'e rnre and yery 
imperfectly preserved, No ·species cnn be recognized, 
This is, howcyel', itself evidence of the correctness of the 
correlation as the lowermost portion of the l:Jierre is char-
acteristically nOll-fossiliferolls. The general geological 
relations· of the region benr out the probability of' the 
Pierrenge fol' tIle Hnwnl'den beds, The snme shales hllye 
recently been opened up Ilt Caliope, a~d are there nsed 
in the manufacture of brick. The beds or€' exposed neill' 
the mouth of Rock river and extend up that stream some 
distance, Clays and s.hales, probably belonging to the 
same series, are also exposed neal' Canton, Sonth Dakota. 
The earliest indication .of the presence of Cretaccous 
in the upper Missouri region is fonnd in the account of 
the Lewis and Clurke expedition to ·the northwest. Both 
Nuttnl and Long also collected fossils from this region; 
and in 1832 the Prince N euwied obtained Cretaceons 
types from below Fort Piene, Nicollet,;' in Itl39, noticed 
the presence of Uretnceous in Iowa, a])(1 seems to ha\'e 
recognized the Pi .. ','e bed. farther up the Missollri, thougb 
apparently confusing some of the other memhers of the 
series. In 184:9, EYans,t one of Owen's assistants, visited 
the region and collected InOCBI'amU8 cl'ispi and other forms 
from the Pierre beds. No attempt, howe\,er, seems to 
ho\,e been made to constrnct a section of the rocks showing 
• Sen. Doc., 26 Cong., 2nd Sess •• vol. II, No. 237. 18.i1. 
t Geo1. Sur. Wk, Iowa, Minn., p. 195. 1852. 
so. Rep. 
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the relations of the different strotn in the ,'m'iolls local-
ities. The fil'st published section of the Crctaccous 
beds of the upper :1tIiSSOlll'i apI)(!-nrs to hnyc been that given 
by Meek,*' iu185G. Iu this section fiye members of the Cre .. 
taceous were recognized and llul1lbered. Though uumber 
4 of this series corresponds essentially to the 'Pierre, it 
was not given this llomo until18Gl.t It WRS then recog-
nized as being developed principally in the Bad Lands, nt· 
the Grent Bend of the Missollri, and extending down that 
riYer to neal' Bijou hill ten miles below the mouth of 
'Vhite river, where the lowest member lVOS exposed. 
Hayden! mentioned its occurrence in the hiUs near the 
mouth of the Niobrara, and Cnh'in R refers the dark beds 
of shale capping the Niobrara bluffs at Yankton to this age. 
This has been regarded as the eastern limit of the Pierre, 
and is fOl'ty-fi\'e miles southwest of Hawarden. It is sig-
nificant that Meek, in describing the lower portion of the 
Pierre, uses these words: "This b~d usually occupies 
depressions in the previously eroded upper surface of the 
formations beneath."§ This observation, taken in connec-
tion with the distance from the other outcrops and certain 
indications of ullconformity seen at Hawarden, lead to the 
conclusion that the Hawarden beds may constitute an out-
lier. It seems probable that it covers but 8 comparatively 
small area Bud constitutes a remnant of a larger body now 
removed through erosion. The extension eastward of the 
Pierre limits, the recent discovery of NiobrarA in Sac 
county, Iowa, the marked Fax Hills aspect of certain 
fossils discovered by White'U ill 1873 renders it very 
probable that the Mesozoic seas spread much farther east-
\Vord than has hitherto been commonly re,?ognized. 
CERTAIN DEVONIAN AN D CARBON-
IFEROUS OUTLIERS IN 
EASTERN IOWA. 
WILLIAM HARMON NORTON. 

CERTAIN DEVONIAN AND CARBONIFEROUS OUTLIERS 
IN EASTERN IOWA. 
The isolated arcas of rocks which occur in eastern Iowa 
ill districts occupied by strata much older, haye centered 
3l"Ound them problems of gl'cat-interest. 
In modern geological work the aim .i8 to picture as 
completely as may be the actual conditions prevalent 
over given urcas during successive periods of time. In 
attaining this object, few determinations avail more or 
give a better key to the minuthe of conditions existing at 
any time, than the correct determination of the land and 
water areas. 'lllms, stratigraphical work often has for one 
of its lea(~ing objects the tracing of ancient shore lines, 
in which connection the study of outliers becomes espe-
cinII)' import.ant. 
The greater part of the urea under consideration is 
made up chiefly of Silurian strata. In Linn, perhaps two-
thirds, and in Cedal' one-third of the county is covered by 
De,-onian. Its eastern margin as now mapped runs in a 
more or less irregular line from the north west corner of 
Buehamm to the middle of' ~.he southern boundary of 
Cedar county. 'The easterll border of the CUl'boniferous 
is some thirty miles to the west and approxi1l11ltely paranel 
to it. Neither of these Hnes arc reguJar, but are clll'Yed 
nnd bent through erosIon of the stmtu. 
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Between the ~Iississippi nml the known Devonian 
areas of northeastel'D Iowa is Il brond belt of Silurian 
rocks. Within this uren scYel'al outliers of Devonian age 
have recently been discovered. 
Lying between the eastern border of the Coal Measure 
del)osits of Iown nnd the cOl'reSI)onding beds in Dlinois is 
a district YDrying considerubly in width, ill which no ConI 
Measures nrc now known except sncb as are found in 
isolated and limited areas. Whetller these form part of a 
once continuous deposit connecting the two great coal 
fields, 01' whetllCI' they aloe the original depositions of It 
sOlies of small unconnected or partially connected lagoons, 
Rl"e questions of interest which still remain open. As 8 
contribution to their finol solution the results of a detailed 
examination of several of these ontliers are presented in 
the following pages. 
An element which complicates the task involved in the 
interpretation of these outliers is the close lithological 
similarity of certain sandstones, one being Deyonian and 
the other Carboniferous in age. This emphasizes the fact 
that the (leterminations to be of 1'alue, must be based 
upon the evidence of the fossils found. 
DEVONIAN OUTLIERS. 
Bertram. At Bertram, Linn county, Iown, the Chicago 
;[0(1 N orthwestem railway lms cnt through the side of a 
low hill some fifteen or twenty rods east of the bridge 
oyer Big creek, displaying the following section at the 
west end of the exposUI"e : 
FEET. 
3. Soil and drift...................... .............. 2 
2. LImestone, (Bertram beds) ....................... 15 
I. Sandstone, yellowish, shaly in p·art... ......... ..... >' 
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rrhe sandstone is thinly Inmillnte{l nmi contains mOllY 
miuute fragmeuts of brachiopods and traces of vcgetal 
remains. It is o\'erInill and intcrstrotificd with n clny, 
evidently weathered from a fine-gruined argillaceous shule, 
fragments of which it contains. The clny is nSlll1lly light 
gray in color, but in pInees becomes <lnrk Ulul corbOllneeous. 
This thin layel' of sandstone and shule continues to the 
eRst some nineteen feet) whet·c it. dips beneath the surface. 
One hundred feet to the CRst the sandstone reappeal'S, 
filling a chimney thirteen feet wide, extending. from the 
summit to the base of the rock section. On the westcrll 
side of this chimney the line of juncture with the lime-
stone is well defined and nearly vertical. Indeed, at the 
top a thin layer of limestone projects beyond the edge of 
the sandstone. On the eastern side the line of junction 
is abrupt at the base, but above curves gently upward nnd 
becomes horizontal as the sandstone opens beyond the 
chimney to the end of the cut. The upper l.yer of saud-
stone is here two feet fOllr inches thick and is considerably 
indurated. The Iayel's beneath nre thinner, for the most 
part fragmental, 01' completely disintegrated. At the base, 
underlying the sandstone, the same shale occurs as at the 
west end of the cut. Although the limestone is lal'gely 
weathered into" chipstoile," aftcl' the habit of the Bertram 
beds, t~e unconformity is \'cry marked. 'l'he" burrowing" 
of the sandstone and slmlc between the layers of tllo lime-
stone to some distance from the chimney seems to pro"e 
that the deposit is not n ch:ml1cl filliug, bnt rather n pocket 
of a IntoI' deposit than the limestone. ~Iinutc fragments 
of fossils are not uncommon in the sRlulstone, but any of' 
sufficient size to admit of idelltificntioll nre extremely l'aI'l~. 
Specimens of the following genera and species \Vore col-
lected, showing the IIge of the outlier to be Devonian: 
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AII)'fXJ ordt/mla/is, Hall. 
AII)'/JarditllloJrts, Linn. 
Cyrlilla AalllilloHellsis, Hall. 
OrlAis, near, i£ not identical with, O. iuwllsis, Hall, Cragments. 
S)inYero. Cragments oC thl't'e species including 8 dorsal valve, one near S. 
sH/)ailel/llQius. but more nearly l'emicircular in foml and with Cewer pIicaliotl.'1. 
Tenloeulilt'S, indi:nillguishabll' from T. spicnlns. 
Acervuloria davidsoni E. & H., Craxments oC coralla, each with several cel!s. 
Lisbon. A sandstone .apparellUy the sallIe as the one 
just described occurs one-third of n mile southeast of 
Lisbon, in Linn county (Tp. 82 N., R. V 'V., Sec. 12, 
SW. qr., SE. i). Here on the side of a hill there is a small 
outcrop of a soft, light colored or white sandstone weather-
ing to yellowish or brown. It contains a few small nodules 
of greenish clay and in places is so friable that it has been 
used in the neighborhood for scouring. It contains a few 
silicified fragments of brachiopods, none large enough to 
identify except one which seems to be a fragment of 
Atl"Y}Jlll'eticularis, Linn., but oom'ing a generall'esemblance 
to those from the Bertram outlim'. The base of this sand-
stone lies thil·teell feet above the water of the adjacent 
creek. It is about ten feet thick, abutting directly against 
the LeClaire limestone which here rises ten feet nbove it 
and in adjacent biBs considerably higher still. Across 
the creek the LeUlaire outcrops a few rods to the east; 
also to the nol'th, and to the south, 80 that this body of 
sandstone Dlust he limited to the present valley of the 
creek and does 110t extend a distance of more thau eighty 
rods • 
. A_hout two miles south of Lisbon a similar sand-
stone OCCIll'S iu the northwest corner of section 35 (TIl. 82 
N., R. "V W.), Some twenty years ago it was quarried 
fUl' cellar walls, but the excayation has been filled long 
since, and lIOW the site is marked ouly by a few small 
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fl'agments of n reddish yellow, rather 80ft snmlstone, 8cut-
tel'Cd OVC1' a few 8q~al'e rods in n cnlth'otcd field, 
Olcw' Greek. Along the banks of this creek, neOl' the 
northwestern corller of Cedar county (i'p. 82 N., R. IY 
'V., Sees. 28 and 29), sandstone outcrops along a line 
measllring fl'om east to west nenrly two miles. In only 
Ol1e place, on the farm of Peter Bore, is it exposed in the 
ledge. This is three feet thick, thirty-five feet long, and 
rests directly and unconformably on the LeClaire dolomite. 
The sandstone here is massive and illllurated.: Blocks 
hove been quarried eight to twelve inches thick and two 
to three feet long. It is thirty-five feet above the flood 
plain of the creek, and, as imlicnted by fragments of 
sandstone, lllny extend thirty rods to the north. 
Elsewhere along Clear creek the sandstone is ill the 
form of weathered, rudely hemispherical bouldel's of dis-
integration, partially embedded in the soil of the steeply 
sloping hillsides. The lnrgest of these is fifteen feet long 
and fh'e feet high, but the most of them are much smnIler. 
The shallow depression in the LeClaire, ouce no doubt 
occupied by ft con tin nons body of san:dstone, must be 
ut1l'row, since, .except at the place just mentioned, it does 
not appeal' on the south branch of the creek, where the 
LeClail'e stands. out in boJd, massive ledges fifteen to sixty 
feet high, and is not found in the vaney of a smnH stream 
running para1lel to CIenI' Cl'eek a few I'ods to the north. 
No fossils have been fonnd in this bell and it is placed 
witl} the Devoniall outliers only because of genel'al litho-
logical similarity and because it is but two miles distant 
fl'om the Lisbon outlier which lies directly west. 
Litholcgically little or no difference exists in the sand-
stones of the outliers described. All m'e fine-g1'8incd, 
normally friable alJ(1 light colored, hut we~theriDg illto 
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Jil'mcr rock, of reddish !lnd yellow hues and grny 01' browJl 
BUl'fuces. ,Vhile at Lisbon and Bcrtl;nm part of the rock 
is friable, other portions nre as imluratc(l as elsewh~re. 
Uanlou. A yellowish gray sandstone, similar to those 
described above, ontcrops about half a mile north of Can-
ton in Jackson county ('I'p, 85 N., R. I E., Sec. 18, SW. 
ql'., NE. !). It occupies a narrow shelf in the Upper 
Silurinn limestone, sixty feet above the present flood plain 
of the Maquoketu river, and extends east and ·west along 
the south slope of the hill a distallce of about eighteen 
rods. The total thickness as defined by outcrops of the 
Upper Silurian both above and below it, canno't be over 
twelve feet. As shown in a well on the ·crest of the hill 
'the limestone thel'e rises between twenty and thirty feet 
higher than the sandstone. The latter, which occurs in a 
field in scattered boulders and with one or two ledges a 
foot 01' more high, vrcsents nothing to differentiate it from 
perhaps a dozen or more other out1iers of sandstone in 
northeastern Iowli. Fortnnately, however, al., the westel'll 
end of the ontcrop on the brow of a hill, a road crosses it, 
displaying n ycry i~tel'esting section. On the west side of 
the road there al'e noticeable some small, badly weathered 
bon1dCI'H of brecciated limestone, which in' th~ stl'llCtural 
and lithological characteristics of its frug~ents and lUutrix 
nrc imlistinguishablc from the lower portions of the Fay-
ette breccia of the Deyonian. rrhree of these boulders 
were found and half 1\ dozen rudely OY111 nodules of quartz 
with pitted smfaces, the latter peculiarly characteristic of 
the Kenwood shale, which in Linn county lies beneath 
the Fayette breccia. On thc sumc side of the road the 
sandstone is exposed in a small guUy for a distance of 
nour1y two rods. Aboye this lies 11 stiff, gray or greenish 
nnctuousclay, in places highly arenaceons, in others nearly 
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free from sand. It extends five rods up the hill. This 
clay hnd becn scraped clean in working the road and the 
sllrface was substantially free from foreign material. On 
the weathered surface of the clay, frngments of silicified 
Devonian fossils are quite plentiful. frIlOY comprise 
AceJTularia daridsoni, Atrypa l'eiintiaris, Orthis jOt'ensis, 
a StropllOdouta, several species of 8pirflera, one imlis-
tingnishable from fl'llgmcnts of a SpiriferG at Bel'tl'nm. 
Specially numerous WCl'e the rostral portions of the ycntl'lll 
vah'c of O!lrtiua llmlJoluda, Hall, their prcscl','ation being 
due to the fact tlmt this portion of the shell is strengthened 
by the cardinal urea and mesial septnm. t-itill more 
ab~mdant werc fragments of simple rugose corals, lind of 
favositids. 
'rhe occurrence of these remnants of De,'onian beds 
of considerable thickness thirty miles east of their ncarest 
ontcrops was entirely nnexpected. ,Vith the exception 
of the outliers above described, no Devonian outliers had 
previonsly been known in the state and none' had been 
found in this region resting on the rocks of an em'lier 
geological uge. It therefore becomes necessary to con-
siuer, and if possible disprovc eyery other working hypo-
thesis of the presence of' these Deyonian Jossils and 
boulders ut Cunton, Any snggestion of u fortuitolls 
mingling of' Devonillll drift from northwestern ontcrops 
with the sands,tone and clay of a Carboniferolls outlier 
was seen to be quite untenable. The fragments of fossils 
were silicious, specifically identicnl with forms from the 
])c\'onian sandstone at Bertram. The distribution of' 
Devonian rocks and fossils was exactly conterminolls with 
the outcrop of sandstone" and clay on the west Ride of the 
road, being found along its cntire extent and entirely 
absent both abo\"c and below. Further, this outHel' is 
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situated ncar the margin of' the driftless area. Irhe drift 
here is thin and inconstant, forming a thin, pebbly layer 
resting on gecst 01' intermingling with it. No drift 
appears 1l1ong the outcrop of the sandstone and clay, but 
seven rods farther up the hill the rotten Upper Silurian 
limestone is overlaid by a foot of residuary chert and clay 
mixed with pehbles of the northern drift. The boulders 
of Devonian limestone and breccia show no indication of 
transportation by water 01: ice. Fossils and brecciu frag-
ments are in relief .. The surfaces are irregular and pitted. 
The quartz nodules retain their original form and their 
surfaces are vesieular from dissolution of associated 
calcite. 
To be doubly sure of the relation of the fossils, breccia 
boulders and quartz nodules, to the clay. and sandstone, a 
hole was dug ill the undisturbed bank by the roadside, 
gh'ing the following section: 
3. Soil, pa~sing IleiOW into clay. ,~ 
Cia),. stiff, reddish hrown, free from pebbles (passing 
below into number I ) 
1. Clar. stiff, greenish-gray, sandy, non·calcareous, 
containing" silicified fragments of Devonian fossils 1% 
The fossiliferous clay overlies a snnd!3tone, which in 
turn rests upon a clay, as shown by the fact that n few 
years since nn excavation was made in the middle of the 
rond, and fire-clay was found to extend to n depth of six 
feet. The intimate association of clay and sandstone 
is shown by tlle following section on the east side 
of the road, where the bank is six feet higher than on the 
western: 
CAX'I'OX EXPOSUHES. 
6. Soil, passing into loess 
5. Loess, fine buff loam, rather stiff, with the 
lower inch a transition in color and texture 
intonumber 4··_········· ...... . 
4. Clay. tille, while, UllctUOUS, with rounded 
fragments of sandstone ..... . 
3. Clay. light brown, resembling fire-clay .... 
2. Clay, light red. as above, with fragments of 
reddishs3ndstone" ................. . 
I. Clay, white, as above. 
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On the same side of the road no Devonian limestone 
or fossilA were found. (rhe width of the ontcrop is the 
same on both sides. 
One mile northeast of this ontcrop thel'e occurs at the 
-,.hend of a guJly on the HOl'thenst t of the nortlH~ast quarter, 
of section 18 (Tp. 81 N., R. I E.) 1l bed of the same c1ay six 
feet thick, intermixed with sand and becoming more sandy 
toward the baAe. The clay in this gully and that on the 
roadside have been used for making fire brick for a furnace 
used in distilling wood-alcohol at Canton and found to he 
admirably adaptcd for that purpose. 
'J.1his clay is said also to ontcrop some five miles to 
the southwest of the above exposure. Though at this 
point the ('.13), contains fragments of sandstone, no blocks 
of it appeal' 011 the surface. 
The little deposit of foreign rock Oil the brow of the 
Canton hill is fun of' meaning. Hitherto there has been 
no evidence that the Dcyonian sea ever transgressed tllC 
present western boundary of the U ppCl' Silurian in Iowa. 
This outcrop affords proof that the aneient shore line 
must haye extended at least as far east as Canton. It 
hardly can represent rocks deposited in some shallow 
estuary, connected with the Devonian ocean to the west. 
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Morc probnbly it rcpresents one or more distinct beds of 
the Deyonian series elsewhere of considerable thie"kness 
and deposited under oceanic conditions. Quartz nodules 
are COUlmon only in the Kenwood shales, though one is 
sometimes found in the Fayette breccia. The hard drab 
limestone with conchoidal fracture which forms the frag-
ments of the C:mton breccia characterizes a definite 
horizon of the Lower Dm"oni:m fl"Om Dn,'enport to l~ay­
ette. It lies above the Kenwood shales of Linn 
county and where its beds nrc disturbed forms the lower 
portion of the !l'ayette bl'ccciu. It demands ocelmic con-
ditions for deposition and probably for brecciation. 'rile 
fossils, if unassociatccl with sandstone and clny, wouM be 
referred to no horizon lower than the coralline beds above 
the brecch~. The sandstone and clay are of doubtful 
position. rHley may be the Montpelier, or they may be 
related to the arenaceous material sometimes found asso-
ciated with the matrix of the Fayette breccia. 
It seems, therefOl'e, highly probable that the strata of 
the I.Jower Devonian and, perhaps, SOll1e of the Upper 
Devonian, were laid down as far east as the western part 
of Jackson county and have since be~n removed by 
secular decay and erosion. It is a mere accident that in 
one place, at least, their remains were preserved from the 
ice invasions on the lee of a hill of obdurate U ppel' 
Sil urian dolomite, at the margin of the driftless area. 
Another outcrop of simnar sandstone associated with 
similar clay was found two and one-half miles northeast 
of Canlon (Tp. 85 N., R. I E., Sec. 9, SE. qr., SE. !). 
~rhe outcrop extends a few hundred yards along the upper 
slope of a hill as scattered boulders. The clay is disclosed 
in a road thirty or forty feet helow. No fossils were 
found. 
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CARBONIFEROUS OUTLIERS . 
.111arion. At seycml points betwccn :MaI"ion and Cedar 
linphls, as ill the cuts of the Chicago, Milwuukec ulld St. 
Paulraill'ond, and on the old county rond, sandstone has 
been fonnd resting ullconformably ul)on limestone of 
Deyouian age. The sandstone is gray, yellowish, or 
brown in color, of medium grain, Rnd sometimes contains 
fragments of woody tissue highly fel"l"uginated. At Ken-
wood there is n drab, non-calcareous shale ubout t.hree 
feet thick. A weU twenty-three feet deell, rec~ntly dug 
Olle and one-half miles south of Marion (Tp. 83 N., R 
VII W., Sec. 12, SE. qr.), penetrated, immediately below 
the drift, • bed of din'k sbale which, at the depth of 
t\venty-one feet from the surface carried characteristic 
remains of Coal Measure plants. The sllccies identified 
were: ~Tew'opteriB "m'ineJ''Vis Buub., ~r. jlemuosa Stern b., 
JjT. losc/til Brgt., Aletlwpteris seJ'Ui Bl'gt., AllnlllaJ"ifl.longi-
folia Brgt., SplIBllopkylluln scldotheimii Brgt. and, doubt- . 
fully, RaclwpTtyllm" co.-allinu," Lesqrx. A number of 
fragments were in a conditio~ which llrevented only a 
more or less probable reference to the fol1owing: .11Iegalop-
feris sp. / Gyclopteris sp. / Pseudo pecopteris sp. / :ATew'op-
terls clal'ksoni Lesqrx, N. acunzinafa. Brgt" ~T. plicata, 
Stern b., and Sphenoptel"is tl"ij'oliut« Brgt. Uncertain as 
the identification of several of these fragments must 
remain, it is well to notice that all the species in the above 
Hsts are found in locaHties in Illinois, referred by Les-
quereaux to Ooal B with the exception of ~Telt1"optel'is 
acuminat« and Spllenopteris tl"ifoliata. The former is of 
uncertain horizon and the latter is found at Clinton, Mis-
sOUl'i. A.ssociated with the vegetal remains is a SpirOJ'bis 
marked by microscopic, tl'ansvel'~e, converging stl'im of 
varying thickness and referred provisionally to Spil"Ol'bis 
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II"I1I1"1/COS;(/ 'Vhitfield. In the same weII, probably abo,"c 
the plant remains, was found a fine So/enis(Jus newbel'I'lll 
Hall. About forty rods south of tbe weII just meutioned, 
n shnft"fourteen feet (Ieep locnted 011 a hillside at a station 
perhaps twenty feet lower thau the well, passed through 
light grny ond yellowish, argillaceous, fissile shale, mica-
ceous and containing brownish vestiges of vegetal matter. 
This overlaid four feet of friable sandstone, yellowish, 
fine-grained ami micaceous. 
MOlZIIlOUtll. This outlier WRS first reported by Oshol'u. 
It lies about three miles south of Monmouth, on Benl' 
creek, in Jackson county. The maiu body of sandstone 
lies in Tp. 8! N., R. I E., Sec. "32, SW. qr., S. !, and 
tbe SW. qr., SE. !, and in Sec. 31, SW. qr., SE. i. It 
occ~pies n shallow erosional trough ill the Upper Silurian 
limestone, twenty rods wide and nearly a mile long, 
extending nenrly clue east amI west parallel to the valley 
of Beor creek, anel a short distance from the northern line 
of Clinton county. 
Three quarters of a mile to the northeast, from the 
eastern eml of the main body of sandstone, on a line 
pnrnllel to the general course of Bear creek, there is 
anothe .. ontcrop (Tp. 840 N., R. I E., Sec. 33, NW. qr., 
NE. !) and about a mile west of the weste .. n edge of the 
main body of sandstone there is a thir{I isolate(l remnant 
of the •• me fo .. mation (Tp. 840 N., R. I W., Sec. 36) in 
Jones county. The total length of this outlier from east 
to west is about three miles. 
The eastel'll outc .. op is about twenty rods long and 
fifteen .. ods wide. X 0 distinct ledge appears, but boulders 
of sandstone are numerous, often contiguous, and are 
e\'idently fragments of disintegration from a pOI"Cnt mass 
immediately subjacent. The thickness of tbe sandstone 
BASAL OONGLO~l1mArl'ES. l~!) 
here is estimated at about forty-five feet, though snmlstone 
boulders strew the steep hillside to the creek bed seventy 
feet below the supposed bottom of the sanddtonc. 'fhe 
base is marked by tllC presence of a coarse sandstone with 
sparse pebbles and the neal' presence of an outcrop of the 
limestone. Between the outcrop first described and the 
main body of sandstone the valley of 13ear creek inter-
venes, here making n sharp bend to the southeast and 
returning again to the northwest inclosing a " hogsback" 
about sixty feet high of Silurian limestone. 
'fho eastern outcrop of the maiu body of slindstone is in 
a little gully recently washed out high up on the side of the 
bluff. In places it is some twenty-two feet thick. From 
this point the sandstone stretches westward for a dishmce 
of a mile, outcrOPIJing at the head of a ravine and on the 
bluff sides in long ledges from two or three to twenty-fiye 
feet high. It is evidently one continuous body except 
where a narl'ow deep l"tlvillc passiIlg north into Bear creek 
severs it, affording on either side an excellent section of 
the trough in which it lies.- The maximum width,of the 
trough is about twenty-five rods. rrhe depth of the trough 
is defined by underlying limestone. Its base is ahout. fift,y-
eight feet above the creek. rrhc limm;tone rises on each 
side to a height of twenty-eight feet above the basc of the 
trough, whose depth, as measured from the highest lime-
stone in the hills, is upwards of' sixty feet. Here, as at the 
eastern ontcrop, the basal mem her is a vebble-b.earing laycr 
two to three feet thick. It reaches to within a few inches 
of the limestone beneath. In its lower portion it becomes 
a true conglomerate. Its pebbles attain the diameter of 
three and one-half inchcs, and consist mostly of clem' 
quartz, and chert indistingnishable from the chert of the 
Upper Silurian. Occasional pehbles of red jasper and pink 
(l0. Rep. 
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fjl1ftJ"tz occur. It is hardly in place at present to separate 
this conglomeratic mass from tllC Rockville conglomerate, 
which is only twenty-six miles away, merely by tbe absence 
here so far as observed of the pebbles of granitoid rocks 
which are sparingly fouud at Rockville. The total thick-
ncss of sandstone here exposed is some thirty feet. 
On the west side of the l'aviue immense boulders, one 
thh·ty feet long and fifteen feet high, lie prone on the upper 
portio11 of the slope which reaches at this point to the base 
of the present escarpment. These 011ce formed the face of 
the sandstone clift', and have been detached by the secular 
decay of the calcareous floor heneath, 01' possibly by the 
removal of shales or friable sandstones subjacent. -
Throughout this outlier) the rock is practically homo-
geneous, with the exception of the basal member containing 
pebbles. It is a moderately hard sandstone of quite fine 
and uuiform grain, becoming harder on weathering. Its 
nOlmal color seems to be a gray, but it is usually colored 
various tints of buft' 01' light reddish, by the prescnce of 
iron peroxide and darkens on weathering. In the natural 
ledges quite regular and co~stant bedding planes appear 
and blocks from eight inches to two feet thick have been 
quarried for local nse, such as foundations and the abut-
ments of bridges, After an exposure of twenty years in 
an abutment the freshness of tool marks show that the 
stone has suffered no superficial disintegration. In places 
tlm rock is more massive, no clear and constant bedding 
l)lal1eS appearing for a distance of from six to fifteen feet. 
These massive layers, BS- well as the thinner ODes in many 
places nre shown by weathering to be effected with oblique 
laminations, inclined at varions angles, usualIy low and 
sometimes qunquaversal, the laminae being from a fraction 
of 8n inch to a few inches in thickness. Fossils are 
1,'OSSILS FOUND. 
extremely I'IIre, none being founu except a Lepidodelldl'on 
log four feet long, a fragment of a calamite nnu tl tlnttolled 
trigonoem'p~1ike nut. N.odnles of grcmi or grayish clay 
an inch 01' less in diameter nrc also rarely secn. Beautiful 
ripple marks remain on some of the blocks, as evidence 
of the pulse of the ",ayes of the lUlCient seu along whoso 
margin these sands wore laid. 
OUTLIERS OF INDETERMINATE AGE. 
-.lllldr('w. The !=mndstone of this localit.y lies three 
miles north of Andrew, in Jackson county. The outcrop 
. oecUl'S along 01' at the base of three ravines which slope 
westward into Farmer creek and are ranged along a liue 
extending north~llortheast some fifty rods. '1'he sand-
stone rests un the Upper Silurian limestone about thirty-
five feet above the creek and protrudes from the soil in 
rough houlders to a vertical distance of forty-five feet 
above its base. 'l'his is said to be the only sandstone 
found in the neighborhood .. 'rIte stone is of moderately 
fine grain, indurated superficially, reddish yellow, or gray 
within, but deeply stained a dark purplish red or an iroJJ 
hlack on the exterior. 
Charlotte. The chief outcrop of this sandstone is a 
mile north of Charlotte, in Clinton county, OIl the north 
side of Willow C1'eek ('1'". R3 N., R. IV ,V., Sec. 22, SE. 
qr., NW. l). ':rhe ledge is eleven feet high, with a prob-
able extension belo·w of five feet. It is ien rods long and 
twenty feet above the water in the creek. Eighty rods to 
the north the Pentamerus beds of the Niagara, containing 
Oerionites dact!jloides, overlook the sandstone. 1'he ledge 
'resembles those at ~Iollmouth showing layers a foot or more 
thick with discordant oblique lamination. In small pieces 
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it is quite friable and on fresh surfaces shows various 
shodes of grny, yel10w aml brown. 
The SlIme snndstone occurs at severnl other places in 
the ,ticinity; one mile enst of Q~igley nnd also one mile 
southeast of the ledge described. This nnd the Andrew 
outlier are probably Carboniferous. 
The following· estimates of the heights above sea level 
of the outliers mentioned are based upon measurements 
taken with nn Abney hond level "tied" to the contour 
lincs of the atlas sheets of the United States Geological 
Survey. They 8re, therefore, only approxilnations : 
FEET. 
Bertram .••..•.••••••••••••••..•••.••••••.••.••..••••• 720 
Lisbon .....................................•......• 833 
Clear Creek ..••.......•••...•..••...••.....•..•..... 8'5 
Canton ............................................... 795 
Marion..................... . ....... 800 
l.fonmoulh .•.....•.......•......••.............•...•. 800 
Andrew .... ~ .. .. . . .. .. .. .. . . . . . .. . .. .. .. . . .. . .. . . .. .. B90 
Charlotte............... . ..... ']60 
It seems probable that the Carboniferous outliers of 
eastern Iowa have relations both' to the Coal Measures of 
Illinois nnd to those of Iowa. The. connection is close 
b~tween the sandstones of Jones, Jackson and Clillton 
counties, and the outposts of the Illinois conI field in 
Scott and Muscatine cOlUlties. Still nearer to these out-
posts are the outliers along the Iowa river RPove Iowa 
City. From the latter it" is but little over ten miles to tlle 
outlier at Marion. On the other hnnd the Iowa rivel; 
outlier extends to the Lower Carboniferous above 
Marengo, and is even nearer to the Iowa coal field to the 
southwest than to the lllinois coal field to the southeast. 
Townrd the.north the Iowa coal neld has several enstern . 
outliers; and toward the south in Washington county 
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such outliers bridge neurly half the width of the Lower 
Carboniferons. 'l'he hypothetical eastward extension of 
the Iowa coal field into J acksoll connty to join the Car-
boniferous outliers there receiycs, pCl'hnps, some support 
from the previous eastward extension of the Iowa 
Devonian into the same county as already noted. The 
views of Hall and ·'Vhite that the scattered sandstones 
were once laid down in isolated hasins becomes less 
.probable with each ontlier discovered. 1.1hose now known 
are so numerous and widely distributed that they seem 
rather to support the view, that oyer the depressed area 
of eastern Iowa the central and westerll coal fields were 
broadly joined, OJ' united along a somewhat intricately 
dissected coast, the most northern known limit of shore 
or estual'ian extension being in .J ackson amI Linn counties. 
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GEOLOGICAL SECTION ALONG MIDDLE RIVER IN 
CENTRAL IOWA. 
BY ,J. L. TIL'rON. 
The" Three Rivers Country" comprises the greater por-
tjon of'Varrcll and Madison counties in central Iowa. It 
is drained by the streams respectively known as the North, 
Middle ilnd South riYers, which flow ill courses nearly 
parallel to one another, and empty into the Des :!vroines 
river Ileal' the northeasterll C01'ner of the first narned 
county. Along the median of the.se water courses the 
geological section herein described was constrllcted. It 
extends from Ford, on the Des-Moines, in a slightly south 
of west direction to Winterset, the county seat of 
Mallison. 
Of the geological problems presented hy the region, 
110ne is of grenter practical import than the determination 
of tIle thickness of the Lowe,' or productive Coal Meas-
nres. )Iiddle riYer affords especially favorable opportuni~ 
ties for solving the problem. The stream now flows in a 
direction IIPPl'oximlltely norm~l1 to the old Carboniferous 
shore line. The section connects the Ford hluff outcrops, 
whose relations to the Lower Carboniferous limestones 
have been definitely determined, and the Winterset expos-
ure which has beenregarde!l as a typical development of the 
base of the Upper Coull\Iensul'es in Iowa. In its general 
1:·1'; 
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features it also serves us a check on a similarly constructed 
section pnrnllel to it bnt some twenty miles to the north. It 
fmther nnswers ns n bnse to which nil detailed stratigl'Oph-
ienI work ill Warren lIm1 Madison counties may be referred. 
LIIBtly, one of tbe prineiPlI1 objects has been to determine 
the position and extent of folds 01' undulations in the 
strata which might serve as guides to intelligent prospect-
ing for natural gas Hnd oil. 
If along the line of the general section there is enCOU11-
tered n heavy limestone formation whose outcrop can be 
readily tmced northwestwnrd into Guthrie county and 
southward into Missouri, connecting with n vcry Bim-
iJal' limestone which has been recognized DeDI' the northerll 
houndary of that state, • clear and natnralline of demark-
ation is obtained for separating the Iowa Coal Measure 
Dfca into two distinct districts, one, made up mostly of 
shore and swamp deposits, in which coal was abundantly 
formed (nes Moine~ terrane), and the other composed 
chiefly of more strictly maritime beds (Missouri terrane ). 
This is the first important limestone ahove those of the 
great Cnrboniferous basement. 
A knowledge of the position of this oll'-shore liue has 
an imllortant theoretical and practical bearing. Theoreti-
caUy it tells of the physical conditions under which a part 
of the Iowa land surface was formed and the relations of 
sen and land during Cnrboniferous times; practically, it 
gives an exact and rational division between the IJowel' and 
UPl,er Coal :Ueasures, aboye which conditions favorable to 
the (ormation of thick conI seams cease to exist. Also, new 
data are furnished hy which to judge the depth of the 
Lower Coal Measnres with their rich contents. 
At the eastern end of the general section the surface 
is quite rugged on the sou til, while on the nortb the 
FOHD OUTOHOP. 
broad Hood plain of thc Des il[oines 
stretches out for a distance of scveral 
miles. F'l'om the mouth of )liddle 
rivcr yallcy to the west county 1ine 
of "T arren the surface slopes quite 
gradually on both sidcs, though the 
river generally hugs the southern 
margin of its valley, thus bringing 
it _ closer to the high, roBing uplands 
on the south l while to the north the 
surface rises in more gradual undula-
tions. Neal' the western boundary 
of Warrcn county the hills become 
more rugged and precipitous. In 
the eastern part of Madison county, 
where the limestone deposits of the 
Upper Coal :Measure strata begin, 
the valley is contracted to a gorge, 
the high Hmestone bluffs rising quite 
abruptly on either side of the. river 
to a height of fully two hundred feet. 
Thc first outcrop to he considered 
is one mile cast of Ford (Tp. 77 N., 
R. XXII W., Sec. 10). It is as fol-
lows (number 1 in figurc 2): 
9. Drift and loess 
8. Shale. 
7· Sandstone, !mfl, yellow. 35 
6. Shale, bituminous .. 
5. Clay·shale, dark, sandy above .. 
~. Clay, while •.. 
3. Sandstone, soft, heavily bedded ... 
2. Clay, white 
1. Shale, sandy and clayey (exposed 
to water)..... 25 
I3!) 
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The section is located at the crest of n low anticline. 
li"rom this plnce: to a point a mile west of Ford the strata 
can be traced in the bluff which forms the south bank of 
the Des ~Ioines and Middle rivers. Beyond this IJoint the 
exposures fire not so cOJ:tinuous, but there seems to be 
little room for doubt that the principal seam of coal, 
which appears just above the railroad track at tlle station, 
thins out some\\'hat before it reaches the wnter leyel of 
1tIiddle riYer nb,out one-fourth of a mile east of the bridge 
at Clurkson. .1h this point the upper part of the vein 
is well exposed. 'l'hc overlying sandstone is present, but 
is not so thick as at l~ol'd, nnd the dark shale and soft 
sandstone crop out in the bluff. At this place another 
\'ein begins that Illay be traced three miles up the river, 
the bituminous shales which overlie it being especially 
noticeable near the bridge on the road to Carlisle. A third 
seam, u few feet above, appears best developetl two mnes 
to the southwest and lIt Snmmerset, at both of which 
places shafts are located. The coal is said to thin out 
bet.ween the two points. Seventy-five feet above thc last 
mentioned seam is unothet· which is mined at Summerset 
and also a few miles easiwar<1 3S a surface seam. This is 
the vein which outcrops in the hluff nt Summersct station. 
A short distance east of Summcl'set, at tIle mouth 
of a ravine in which are situated the .ToneH and Benham 
coal mines (Tp. 77 N., It XXIII W., Sec. 22, NE. qr., 
SE. 1) the outcrop shows (Humber 2) : 
8. Clay, bluish .. 
7. Coal. 
6. Fireday. 
5. Shale ... 
4. Sandstone, coan;e, reddish .... 
3. Shale, sandy .. 
2. Shale ... 
I. Shale, dayey (exposed to river) ... 
INCIIE~. 
, 
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The sandstone above the seam of conI is u'continuntion 
of that which is so prominent in the clift' at Ford. It dis-
nppenrs heneath the bed of the river jnst west of 8u01-
merseL The conI seam overlying the sandstone in the 
bluff at Swornerset ol1tm'ops repeatedly in the hillsides for 
a distance of several miles to the east where it is "drifted." 
It thins out rapidly lVest of the town. The Surnmerset 
section (Tp. 77 N., H. XXIII IV., Sec. 31, NE. qr.) is as 
follolVs (number 3) : 
FEET. 
9. Loess ..................................... 13 
8. Sandstone........... . ................... . 
7. Sbale.... ....... ........................ 6 
6. COa1...................................... I 
5. Fireday ......... __ .................... . 
4. Shale, sand)·.............................. 3 
3. Sandstone....... ......................... I 
2. Shale...... .............................. 1 
t. Sandstone, heavily bedded................ 2 
From Summersct to Spring Hill, the outcrops in the 
immediate vicinity of the river are not very numerous. 
Several thin veins of coal nre. found, the best natural 
exposure occurring about half way between the towns 
.mentioned. A little to the south of the river the seams 
supply a limited quantity of conI for Iocnl consumption. 
The most illstl'llctive section is a short distance west of 
the first-named town (Tp. 76 N., R. xxnr W., Sec. 2, 
NIV. qr., SE. !), where is exposed (number 4) : 
9. Sbale, bituminous ........................ . 
S. Sbale. ............................... ..•• 6 
7. Sandstone ................................ . 
6. (Concealed 1 ...... ·•· ... ·· .... ·· ...... ···• 
5. Shale, black (exposed) ............... .... I 
4. Sbale ................................... . 
3. Coal .. __ ...................... _ ......... .. 
2. Fireclay................................. 1 
1. Shale............................ ....... I 
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Immediately west of I:;pring Hill lin excellent section 
has becn disclosed in opening a scom of conI. N Ol'thW8l'd 
ill the rayilleS sloping into North river yaUey, and in n 
blull' by Ihe stream itself, a .. e exposures revealing shale 
and sandstone both above and below n narrow pocket of 
coal, whose mnin axis is directed north ond sonth, the 
stratum thinning out vcry l'81>idly east and west. 
A mile and a qUII .. ter west of tIle town (Tp. 76 N., R. 
XXV W., Sec. 12, NE. qr., SW. !) is the following 
section (number 5) : 
Loess •••.•••••.•••••••..••••••••.••••.• 
9. Coal. badly weathered................... Ji 
8. Shale, gray, with thin seams of sandstone. 
7. Sbale. blue ahO\'e, black below •••••••••• 
6. Sandstone, nodular, calcareous ...• _ .•.. 
5. Shale, black •....•........••....• _ ••.... 
4. Coal.................................... I 
3. Fire clay................................ 4 
2. Sandslone, heavily bedded, gray......... 1 
J. Shale, irregular {exposed).............. 4 
Between Lothrop and Bevington, an interval of 
three mHes, few outcrops occur. The scarcity of' expo-
sures and the general relations of the strata argue for 
the absence of any layer that by resisting weathering 
would protude through the overlying loess OJ' become 
exposed in the ravines. This, together with the fact that 
the lowermost stratum found above is argiUnceol1s shale 
and the uppermost fouud below is 8 sandstone passing in 
plnces iuto a saudy shale, give evidence that the strata thus 
concealed are largely shales. 
Two mnes west of Greenbush is a section in a ravine 
where coal is at present obtained by "stripping" (TJ>. 76 
N., R. XXV -"V., Sec. 1, N'V. qr., NE.!). The u]lper 
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half of the section is ohtuined about fifty yards west of' 
the point where the lower h.lf is found (nnmbe.· 6): 
FEET. INCIIF.5. 
Sandstone, shaly... •...••..•..... ..... ... . 2 
Shale. gray.................. . ..•.... •.•. 1 
Shale. reddish ,. . . . .. . . . . . . . • . . . . . • • • . . . . • 2 
9. Sandstone, gray, shaly ...•••..•.•........ 
S. Shale, blue ..•..........•.....••........... 
7. Sandstone, fossiliferous. . . . . • . . . . . . . . . . . . . . I 
6. Shale, blue (exposed) ..•.........•.....•. 
5. Shale .....•.••.•.....................••.. 4 
4. Limestone, arenaceous, fossiliferous ......• 
3. Shale, black ............................. . 
2. Coal ....•.•..••......•......•........... 
I. Fire clay (exposed) ..................... . 
A short distance southwest of Beyington, in the ."yineB 
and in the blul!' nenr the river (Tl" 76 N., u: x}.'Vr W., 
Sec. 36, SW. qr., NW.!) one of the best exposures (num-
ber 7) shows: 
F'HBT. 
s. orin ..................................... . 
1. Sandstone::................................ I 
6. Sandstone, massive...... .................. I 
5. (Unexposed). ........................... 3 
4. Sbale. black below.. ......... .... ........ 2 
3. Coal ..................................... . 
2. Fire clay and light colored shale..... ..•••. 1 
I. Shale, {exposed) ......................... 40 
Between Bevington and Patterson heavy sandstones 
are quite prominent, shale lying both above and belo\v. But 
one conI horizon is exposed. 
The massive samlstones which lie near the railroad 
truck fl'om one to two miles west of Pat tel' Bon are undoubt-
edly represente,l a mile and a half sonthwest by a corre-
sponding stratum a few reet above the water. Large blocks 
of a heavily bedded sandstone were found on the hillside 
at a level where such a stratum should be, but no exposure 
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O,r undisturbed layers appeared. Above this stratum shale 
is exposed though not to its full extent. 
Two miles southwest of Patterson (Tp. -76 N., H. 
XXVII W., Sec. 35, SW. qr .. NE. ±) there is n good 
exposure (number ~) ill the bluffs bordering the river on 
the south: . 
8. Not exposed... 6-l 
7. Limestone, thin-bedded, white ... 
6. Shale, dayey .. . 60 
5. Sandstone, reddish .. 
4. Shale, bluish above, sandy and grayish below 37 
3. Sandstone, shaly below. 
2. Shale, bituminous 
I. Shale, mostly exposed.. 52 
From the Jast section, southwest of Patterson, to Win-
terset the limestone (Upper Coal formation) capping the 
hills has so protected the underlying softer strata from 
erosion that the bluffs rise high and steep in the immediate 
Yicinity of the river. There are three rock layers of 
special prominence: the first a sandstone fifty-two feet 
nbove the river at Patterson, tIle second a sandstone thh·ty-
eight feet above the first, the third, the limestone cliff, 
sixty to ninety feet above the last. EYen where there arc 
no good exposures, these stratn have so resisted erosion 
that the sides of the hills south of the river are terraced. 
These characteristic ledges with their associated strata 
are perhaps best shown ticrOSS the riYer from TileviHe. 
'llhc only good indications of coal immcdiately underlying 
the lowest stratum of limestone disappear beneath the 
river hed a mile east of Buffalo bridge. 
,Ycst of the locality last mentioned the highlands 
approach ycry ncar the river, which htls formed n gorge 
perhaps half a mile wide. The upper portion of the sec-
tion (TI" 7,; N., R. XXVII 'V., Sec. 6, NW. qr.) is ensily 
llAS}o~ OF Ul·I· .. ~Jt COAL lfEAsunES. 145 
tJ'aced in the upper part of the l"llyinc along the road south 
of 1Yilltel'Sct; the lo\\'el' half is exposed iu this und other 
ravines nenl' the rh'cl', but the lowest stratum of limestone 
outcrops in the bed of the river n mile to the enst, . The 
obs~l"\"ntions ma(Ic here correspond essentially with those 
marle by 1Vhite, whose section (number 9) is here given: 
16. Limestone, )·ellowish. thin·bedded.... ..... 1 
15. Clay,marly ............................. .. 
14. Limestone, massive ...••.....••........•.. 
'3. Limestone, regularly bedded, with marly 
partings ................................ 12 
Shale, carbonaceous...................... 2 
Limestone, regularly bedded, with marly 
partings......... ... •.. .... ........ ..•.. 34 
Shale. carbonaceous....................... 2 
9. Limestone, thin·bedded................... IS 
8. Limestone. compact ..................... . 
1. Limestone, thin·bedded..... ...... .... .... 16 
6. Coal. impure ........................... .. 
5. Marlite. light bluish .. . ................ . 
4. Limestone, bluish ....................... .. 
J. Shale, blue and red ..................... .. 
2. Shale, with laYeI5 of thinly bedded sand-
stone ................................... 71 
t. Limestone, bluish, shaly, impure 
The Upper Coal Measurcs fol'Dl all almost continuous 
limestone formation that may be readily distinguished 
from the clay and sandy formations occurring eastward. 
On the 'north bank of ~Iiddle river the Upper Coal 
Measure strata extend along the highlands between Cedar 
creek and Middle l'i:vel' from Wintel'set to just east of 
'l'ileville. At. Winterset they form a stratum 110 feet 
thick, the base of the formation resting seventy-two feet 
aboye the river bed. At Tileville the capping limestone 
is about seventy feet thick; the base 128 feet above the 
l'iVOl" bed. 
lOG.lI(lp. 
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In conclusion it may be said that the section clearly 
agrees with the Raccoon river section twenty miles farther 
north, and in the same gencral direction. A further 
ngre~ment is manifest in a very marked absence of folds 
01' undulations in the layers, the only one of importance 
being the Ford anticline, at the extreme eastel'n end of 
the section, which was mnde out some years ago. The 
tbird important consideration i. that the shales and sand-
stoncs continue, to the exclusion of calcareous beds, from 
the Lower Carbonifel'ons basement up to the very base of 
the great limestone of Winterset where they abruptly 
stop. A sharp line of demarkation is thus recognized 
between the co3.1 bearing strata and the formations where 
fuel-ful'llishing layers are practically absent. 
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Although evidences of glaciation abound on every 
side throughout the 55,000 square miles of Iowa's territory, 
there have been recorded but few instances of ice Bearings 
aud striations, Until very recently less than half a dozen 
'localities were known within the limits of the state where' 
glacial markings had been noted, All of these were 
discovered morc than a quarter of a century ago. Con-
cerning them little more than the mere mention bad heen 
made, though in some cnses the directions of the scratches 
were given. The locations where glacial markings on the 
indurated rocks were observed were at Burlington, near 
Council Bluffs and in the extreme northwestern corner 
of the. state, 
During the past year a number of new localities have 
been disclosed, ot all of which good evideuces of ice 
planing are shown. Some of these surfaces arc in such 
all excellent state of preservation that they seem worthy 
of special mention at this time. The apparent rareness 
h~retofore of glacial striations in Iowa is manifestly due 
n6t·so. much to an absence of ice action as it is to a lack 
of careful observation and examination. 
In considering the rock seorings of the grent ice 
inY8sions of N Ol'th America Chamberlain * bas called 
*U. s. Geol. Sur., 7th Ann. Rep., p. IS8. Washington, 1888. 
H9 
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attention to the very marked disparity in the geographical 
distribution of the glacial strim. In attempting to record 
the known scratches on a map of the United States, Borne 
localities, as for instance New Hampshire, disclosed the 
strim so abundantly that it was almost impossible to pInt 
them properly, while other localities showed only an 
occasional mark often fnr removed from any others. In 
the map of the United States just alluded to, Iowa is cred-
ited with four places where glacial striation has been 
observed. As in other portions of the glaciated region 
the unequal distribution may be regarded as partly only 
apparent and partly real. Under the first are enumerated: 
(1) the illusory eifects dne to lack of observation on 
account of the deep drift covering, (2) post-glacial oblit- . 
eration of markings, (3) uneqnal search for evidences of 
scorings and ( 4) uneq\181 detection of ice planings. Under 
the second, or original irregularity of distribution are: 
(1) the greater abundance of markings in the northern 
than the sonthern portion of the glaciated tract, (2) 
greater prevalence of scoring north of the limiting mor-
aines than south of them, (3) greater frequency of mark-
ings in hilly than plain regions, ( 4) greater prominence of 
striations as exposed sides of elevations than on the lee-
ward, and ( 5 ) surfaces that sloped away from the onset of 
the ice were less unive,'sally scored than those iuclined 
towards it. 
Phenomena illustrating all of the peculiarities men-
tioned by Chamherlin in the distribution of the ice scor-
ings are not wanting in Iowa. With one 01' possibly two 
exceptions they are all clearly defined, 
AB already stated the great paucity of glacial markings 
ill Iowa is doubtless mying in a great measure to a want 
of proper search, while the great irregularity in distribution 
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is probably to be ncconntc{l for partly by the same 
canse and paTtly by other causes. The Jack of favorable 
observational facilities is most noticeable in the northM 
western part of the area under consideration. 
rrhe cm'lier drift mantles nIl the district, except a small 
area in the extreme northeastern corner of the stntc. rrhe 
later drift is represented by n broad, rounded lobe, which 
extends oyer one-t.hird the way across the state, where it 
enters from the north and I'eaches down as far as Des 
Moines. The drift accumulations of the glacial materials 
over the northcentral part of the state prevent almost 
entirely a direct examination of the indurated rock SUI'M 
faces. Within the area enclosecl by the Des Moines lobe 
of the terminal moraine, there is as yet little or no evidence 
of ice planing. It is quite possible, however, that at Fort 
Dodge, some of the peculiarities shown on the upper sur-
face of the gypsum deposits may be due to glacial nction. 
rrhe gypsum beds are from two to thirty or more fcet in 
thickness and occupy the tops of the bluffs and II ills. 
They are covered by drift clay to a thickness of ten to 
sixty feet, containing some saud and pebbles. Usually 
the gypsum is thickest where it. is protected by the greatest 
bodies of drift materials. The upper surface of the gypsum 
deposit is often rounded into small hil1ocks, between which 
are sometimes deep pot-holes, while in many places the 
gypsum shows the effects of' the solvent action of perco-
lating waters. There are certain points where the OVCl'M 
lying drift is undisturhed and is apparently just as it wns 
originally laid down. If the gypsum was eYcr subjected to 
the gonging effects of the ice sheets it would be extremely 
doubtful w}Iether glacial strim would be preserved for :my 
great length of time even umler the most favorable cil'CUlllM 
stances since the material is 50 soft and so soluble. 
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The lithological clmracters of the rocks in many other 
parts of the state nlso preclude the retention of ice 
markings. 
Pel'hnps Due of the principal reasons why glacial scor~ 
ings have not been reported more frequently is on account 
of the almost total lack of study in Ule field which has 
been given to" the glacial deposits in all but one quarter of 
Iowa. 
NORTIIJ<;AS'!'EHX IOWA. 
In his elaburate study of the Pleistocene accumulations 
of the northeastern part of the state McGee;c, has stated 
that the entire history of the formations was deciphered 
"without a single glacial stria~ or an inch of ice polish, 
sayc in one smaH spot, in the whole tract of 16,500 square 
miles." The isolnted glaciated surface here alluded to is 
that which was found by 1Vebster several years ago TIcal' 
Iowa Oity. The Iown river at this point has cut a deep, 
narrow gorge into the hard Devonian limestone. The 
blum" on eHhel' siile of the st.ream are steep-sided, often 
perpemlicular, and rise to a height of sixty to one hundred 
and twenty-fh<e feet. On the west side of tIle water-
course almost directly opposite the State University the 
stone has been quarried in a number of places. 'l'he top 
ledge is about fifty feet above low-water level in the river 
amI is eoYel'e{I by ten to thirty feet of drif't material. The 
lntter is removed for a considerable distance each time the 
quarry face is carried forward. In stripping, the upper 
surface of the limestone is often well exposlld. Several 
years ago when the top of the ledge was examined immed-
iately after the removal of a large amount of the drift 
capping the hard limestolle was found to be beautifully 
'" c. s. Geol. Sur., nth Ann. Rep., p. 200. Washington, 1893. 
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polisbed by ice and covered by glacial striations. (Plate 
ix, salient nt-extreme left is covered by strite.) Num-
crans characteJ'istic pot-11Oles ( centol' of snme plate) and 
ice fm'l'ows were also disclosed. rl'hese have been described 
ill some detail 1>y Webster * and figures of the more 
important ones given. The stl'im varied slightly in direc-
tion. The principal markings were south 52 to 62 degl'ee~ 
enst, the magnetic deviation being about 7! degrees 
enst of north. Some of the best surfaces were disclosed 
at the soutll emI of the quarry on one of the trullcated 
salients (shown in the extreme left of the accompanying 
plate ix). 
Still more recently, Professor Calvin has discovered 
additional snreaees sbowing glacial markings (plate x). 
The locality is a few miles west of Iowa City, on Clenr 
creek, neal' the site of the old woolen mill. A short time 
ago the stream cut around the end of the mill dam, carry-
ing away a portion of the bank, which was composed of 
loess to a depth of' twenty or -thirty feet, resting on a 
bed of .,md, pebbles and small striated boulders. The 
material reclining directly on the p1aned s'urface of the 
limestone was R mixture of sand, clay, gl'al'c} and small 
boulders, having a maximum diameter of eight to ten 
inches. Many of the pebbles and boulders are smooth 
on one 01' two sides. The giving away of the dam exposed 
the Devonian rocks over considerable aren. The pInned 
surface at the old mil1, like that of Iowa City, consists of 
very fine grained, compact, brittle limestone that resists 
the solvent action of percolating waters to an unusual 
degree. In general the indurated rocks of Iowa have the 
surface in contnct with the superficial material eRten away 
or corroded to a depth of often several inches and thus the 
'* American Naturalist, XXII, pp. 408-409- Philadelphia, 1888. 
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effects of glacial action have been yery gencrnlly obliter-
nted. The strim have a direction of south 62 degrees east, 
which is practically the same direction as the striations 011 
the west bank of the Iowa river at Iowa City. 
SOU'l'HEASTERN IOWA. 
In ,Vashingtoll county, neal' Brighton, :Mr. II. F. Bnin 
hUB recently found glacial markings Oll the Saint Louis 
limestone. The location is at the Brighton quarries about a 
mile north of the town, on the southwestern branch of the 
Chicago, Rock Island and Pacific railroad. At tlle time 
of examination an area thirty by fifty feet had becn stripped 
preparatory to quarrying. Some of the striations were 
fuIly half an inch deep and ten 01' more feet in length. 
The directions were south, south 4 degrees east, and south 
6 degrees east ( true meridian ). 
The first glacial markings which were reported to have 
been found in southeastern Iowa wcre those discovered by 
1\-Thite in 1858 ne3r Burlington. No account of them was 
published at the time, though afterwards, on several occa-
sions, mention was madc of the fact. The direction of 
these striations was approximately south 15 degrees east. 
Until very recently nothing additional has been recorded 
concerning the glacial stl·ire of this part of the state. On 
the west bank of the :Mississippi river for the greater part 
of the distance between the mouths of the Iowa and Des 
nloines rivers a high escarpment capped by a massive lime-
stone borders the stream. In many places the rocks stand 
out in bold cliff-like wans, one lmndred to two hundred 
feet high, with a heavy talus at the base. Along much of 
this exposed scarp the conditions are exceptionally favor-
able to the recording of ice Beorings. 
IOWA GEOLOGICAL SURVEY PLATE XVI. 
-. 
• ~.,.;1"~ ~ .. ~ _~ 
:'" .. ~ ... ~~ ~ ...... ~~"";~ 
- ~ ~ 
'J. ~ - .,,~ __ 
... . ... -
~. ~";~"--::-:";~~' " 
-", 
GLACIAL STRIATIONS ON DEVONIAN LIMESTONE AT IOWA CITY. 

AT nUHLINGTON. ]55 
lJurlington Iws been the only place known heretofore 
in southeastern lown which has disclosml glacial stria'. 
rrhcl'e is no record of l,Vhite's original location, but it is 
thought to be two or three miles north of the city. au 
North hm, at the brow of the Mississil)pi bluff, striated 
surfaces have been reported from time to time but only on 
one occasion were they examined carefn]}y. rfhe bearing of 
the stri;:u was south 63 degrees east, the magnetic deviation 
being about 7 degrees. 1111'. !i'rank Leverett hus stated 
more recently that he also has measured the direction of 
some glacial gro01tes in the same vicinity. He repOl·ted 
the bearings to be 65 degrees enst. Observations made a 
few years ago show that the sharp salient at the Cascade 
two miles south of the city was manifestly a center of 
much ice-phinillg. lYlention of this place will be made 
later. 
Everywhere in the neighborhood of Burlington the 
Pleistocene deposits consist chiefly of loess and the 
lower till. These incoherent materials cap the high hills 
and cover the uplands to a deptll of ten to sixty feet or 
more. The preglacial surface relief of the region under 
consideration has not been completely obscured by the 
covering of glacial debris. The prescnt topographical 
features are therefore to a greater or less extent depend-
ent upon the indurated rocks which make up the greater 
portion of the altitude of the blufl"s. Over the more ele-
vated areas the later deposits are relatively thin, but over 
mauy of the lower places there are deep accllmnlatiom; of 
drift materials. The city of Burlington itself is built upon 
se\'eral hills, an of which rise to a height of nearly two 
hundred feet above the low water level of the Mississippi 
river. The drift has formed nearly insu1ated plateaux the 
sides of which are scalloped by steep-sided ra vines, \'ery 
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deep toward the lower extremity but interiorly becoming 
mpidly shallow. 
In protected places the surface deposits rest dh-ectly 
upon the Augusta Umestone which is usually much decom-
posed and broken to a depth of two to six feet. The inter-
stices and irregularities are filled with drift materials and 
red, residuary clays containing flillt nodules in abundance. 
The drift itself is usually more 01' less· modified superfi-
cially. It contains considerable gravel in places, but the 
boulders are for the most part small in size, being seldom 
more thnn four or five feet in diameter. There are, how-
ever, a few exceptions, one erratic being known which is 
more than fifteen fee~ across. Overlying the drift in most 
places is a mantIe of loess carrying characteristic fossils. 
A rand cutting upon the brow of North hill discloses the 
following section which may be taken as characteristic 
of n cOllsidern ble area: 
FERT. 
J. Clay. brownish-yellow, free from gravel and for the 
most part homogeneous; graduating into 2.. ••••••• 5 
2. Loess, typical, ashen, compact. containing numemus 
small, loess.kindchen and the following fossils: Pupa 
IIlltscorum Linn., Succ;nea 06figlla Say, Puhtfa 
sfriafe/fa Anlh., Lilllllopilysa desidiosa Say, hflt/a 
perspecUva Say, Hefirina oct:ltfafa Say............. 8 
I. Till, with an abundance of gravel. and pebbles up to 
three feet in diameter (exposed) ................. . 
Over much of this plateau tile distribution of the 
PleistoceJle deposits is essen·tinlly the same except that 
the lower member suffers considerable attenuation oYer 
the more elevated places, sometimes being reduced to only 
a few feet ill thickness. Upon the removal of the drift 
materials in exc n'ations it has been reported that polished 
and striated su"fnces have been discoYel'ed at vorions 
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points, but as yet none have been brought to view at times 
when they could be properly investigated. 
Incidentally, reference has been made to the evidence 
of glacial Beorings two miJos south of the city of Burling-
ton. At the present time no ice markings ore visible at 
this place. A few yours ago, however, lorge limestone 
slabs four to five feet long and two to throe feet wide were 
removed in quarrying from tIle top of the salient above the 
present works of the Granite Brick Company. Some of 
those flat blocks wore beautifully glaciated, deep flutings 
I'lgllTCl- IC'CFlulings. Burlington. 
"and moulding striated and polished to I)erfection. One of 
these surfaces is representee] in the accompanying cut 
(figure 3). The broad median /p'oo"e shown is about six 
inches deep aud eighteen inches wide. The others, while 
not 80 deep, have sharper edges. 
During the past summer, Mr, F. M. Fultz found tIVO 
new localities in the neighborhood of Burlington showing 
exceptionally fine ell'ects of glacial action. The one north 
of the city neal' Kingston IVas brougl)t to ligl)t under very 
favorable circumstances and the general appearance of the 
IOWA GEOLOGICAL SURV EY. PLATE XI. 
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surface is well shown in the accompanying plate which 
is reproduced from a photogl'aph taken by MI'. Fultz. 
(Plate xi.) 
Mr. Fultz hns made several special trips to this locality 
and al80 to the one west of Burlington, and his notes are 
80 complete thnt they are given entire below. 
80me Glaciateel 8!f1jaces nem' Bm·lington. 
(By F. ill Filth.) 
Recently two lIew locaUties have been found IlCBl' 
Bnrlington showing weU preserved glacial Bearings. One' 
is near Kingston ('l'p. 71 N., R. II W., Sec. 12, SW. qr.) 
in Des Moines COlluty, about thirteen miles north of 
Burlington, on tbe top of the bluff which borders the 
Mississippi river. From B,ulington northward tbis bluff 
takes a north-easterly course for several miles, thence 
changes to nearly due north and continu~s in this direction 
almost to the Louisa county line, where it assumes a 
westerly trend. In the county last mentioned it becomes· 
for several miles the sonth border of the Iowa river valley. 
Throughout this whole extent the bluff is a prominent 
topographical feature. Although situated several miles 
from the river channel it rises abruptly, forming a high 
mural escarpment. At the top it is composed of the 
compa.t Upper and Lower Burlington limestones; at the 
base are the Kinderhook shales. The summit is capped 
with a very heavy covering of loess and drift. In places 
the limestones appeal' as hold salients; at others the rock 
front bRS broken down, and the whole face deeply covered 
by talus. While many of the smaller streams have cut 
through the limestone nearly to the base of the bluff, they 
offer no better exposures than the face of the hluff itself. 
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'1'he top platform of the imlul'uted rocks l'emUillS hidden 
almost everywhere by glacial debris; and although it may, 
and undoubtedly does, exhibit abundant evidence of 
unciontglacier movements, it is so deeply buried that only 
by chance smaH surfaces arc revealed. Occasionally a 
small block of 1imestone is found detached Ht the base 
of the bluff, or at a distance from the original ledge, 
which hus one of its surfaces grooved and poHshed, 
showing unmistnkably that it once was part of the rocky 
floor over which an ice stream moved. 
The glaciated surface at the Kingston expOSll1'e is 
remarkably well presorycd. It was originally covered 
with from ten to twenty-five feet of loess nnd drift, and 
'-\'fiS accidentally exposed to view in the following way. 
A water course coming down from the upland issueR from 
the bluff at a vcry sharp angle. Although draining quite 
a large area the stream carries no water except during, 
a~ld immediately after, heavy millS. Consequently the 
bed has been eroded only a few feet into the solid Hme-
stone. As the water issues from tho bluff it breaks into 
a cascade about twenty feet in height, with rapids to the 
base. On account of the inconvenience clIusen by the 
great.. volume of water brought down duriug times of 
freallet the owner of the land decided to change the course 
of the rivulet. This was easily done by reason of its 
shallow bed and the sharp angle made with the general 
trend of the blufi'. Going back from the crest of t.he 
escarpment a distance of about 150 yards, the old channel 
was dammed up and n trench excavated at right angles to 
the old course. 1'his new channel is about forty yards 
long. Where it lea yes the old hed the loess :mc1 drift are 
not more than three feet in c1epth but by the time the face 
of the bluff' is reached the thickness has iner'eased to fully 
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twenty feet, and two hundred yards furtbe.' south the 
cOY61'ing rcaches n thickness of at least sixty feet. 
The dl'ift is quite typicnl and lies undisturbed upon the 
rock flool'. This surface, as exposed in the llew channel 
for n distance of more thnn one hundred feet., is perfectly 
level and is thickly coYel'cd with glacial markings, At 
least foul' distinct sets of scratches have been determined. 
Each one of the scries consists of perfectly straight, 
parallel grooves, the largel' ones of the latest being about 
an inch in depth while those of the oldest are ncarly 
obliterated. Plate xii gives a good idea of the charaetel' 
of the glaciated Burface. 
The direction of the different sets, 8S .determined by 
the compass, making seven degrees allowance for the 
magnetic deviation, is as follows: 
No. I, south JO degrees, 15 minutes east (line A-B, plate xii). 
No.2, south 64 degrees east (line C-D). 
No. J. south 60 degrees, 30 minutes east (E·E). 
NO.4, south 72 degrees, lS minutes east (G-H ). 
Set number 1 is nearly obliterated, but its traces are so 
numerous as to indicate that at one time it occupied 
the whole surface, and that it is the record of a long con-
tinued movement of the ice stream in one direction . 
. Number 2 is the most prominent, principally on account 
of the much greater number of the deeper grooves) on 
which the later cross movements have made but little 
impl'cssion. 
Numbers 3 nnd 4 have comparatively fe\v markings, but 
some of' them U\'C very deep and plainly show their later 
origin by cutting acrOS8 those of number 2 and also reach-
ing to 8 greater depth. The cntting of one groove directly 
Dcross another is shown at x in plate xii. It will also be 
noticed that the Inter one shows the greater·.depth .. 
IOWA GEOLOGICAL SURVEY. PLATE XIII . 
LATERAL ICE EROSION AND STRIATED SU RFACES AT LOFTUS QUARRY. WE ST BURLINGTON. 

I 
\ 
I 
W t:ST HUIU,IXGTOX. iii I 
rrhc second loculity showing glacial markings is situ-
ated about foul' miles 113rthwest of' Burlington Ilnd about 
two miles from the nearest point' of the l.Iississippi river 
bluff (Tp. 70 N., R. III W., Sec. 25, NW. qr., SW. t). 
'1'he exposure was disclosed in stripping at the Loftus 
quarry. A section taken at this point gives: 
6. Loess .. 
5. OrifL ... 
4. Limestom', thinly beddt:d, with flint bands ... 
3. Limestone, light colored, fine·grained, subcrystal-
line 
2. Limestone, hea\'ily bedded, white •...........•..... 
I. Limestone, unevenly bedded, dark gray (exposed). 
The loess is yery characteristic and compact. The drift 
is filled with striated stones which are sma11er and much 
waterworn towards the top. Immediately beneath the loess 
it be~omes quite grayelly. 
The quarry has been opened along the face of the bluff 
which borders a small creek. The general trend of both 
the bluff and creek yalley at this point is eust and west. 
The bluff being on the south of the ynlley, faces the north. 
In working back into the hill the surface of the rock is 
ltG. Rep. 
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found to rise quite l'opidIY"showing that tlle brow and face 
have suffered considel'llble erosion. The rise is not uni-
form, but ill n serics of steps, as indicated in the accom .. 
llnnyiug cross-section. It is on these benches tlmt the 
glacial markings DCCU1'. In the figure a is a ledge eight 
to ten feet ill width; the whole 8m,face is striated, scored 
and groO\'ed, most of the mnl'kings being \'cry well pre-
seryed; 11 is the edge ofthcllcxt bench, and is finely striated 
and polished; c is the surface of the second b~nch, and 
like a is covered with parallel gl'ooves; (1 and e are 
respectively the edge and top of the next higher bench. 
They show no mal'kings, the I'ock being too badly disiu-
tegrated to preserve them. The markings 011 a and c 
resemble \'cry much those already described in the expos-
ure near Kingston, but only one set of striations can be 
IDade out. . The direction of the markings has not been 
taken with a compass, but it is approximately south 68 
degrees east. The general character of the lateral erosion 
is shown in . plate xiii. The direction of the strim and 
position of the benches would seem to indicate that the 
movement of the ice stream was in the same general direc-
tion as the trend of the bluffs. 
The most striking feature of this whole exposure is the 
great differences shmm between the BCOl'ing of the floor 
and the sides. The former is the same as is usually Been 
elsewhe,". It consists largely of straight, parallel grooves, 
to the depth of an inch or more, situated on an almost 
perfectly 1Iat surface. There is ~ittle or no gonging out 
where the rock is softer and 110 blocks ha,'e been wrenched 
loose 01' carried away. On the other hand the lateral plan-
ing shows no grooves, but a multitude of fine stlire which, 
while trending longitudinally, are not paraliel, but cross 
one another at small angles. The softer parts of the rock 
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exhibit gouging, aud pieces of rock have beeu toru loose 
aud carried away. 
The chnrncter of the brow of the escarpm!,nt which 
hurders the west side of the Mississippi river between the 
muuths of the Iowa aud the Des Moines rivers is perl18ps 
b"st shown at Keokuk. At several points within the city 
limits there are great accumulatio.lls of large boulders 
which rest p.,.t!y upon the crest of the bluff in beds fifteen 
to twenty feet in depth and partly at the b.se of the cliff 
o\"er which they have been tumbled. These boulders are 
composed chiefly of granites, porphyries, diabases, and 
other crystalline rocks, ranging in size from 8 few inches 
to ~wo or three feet. In a recent street cutting just west 
of the Union station at Keokuk, one of these heds is well 
exposed. It is shown in the accompanying plate Xl', 
which is reproduced from a photograph taken by MI'. 
Fultz. 
SOUTHWESTERN IOWA. 
The glacial scratches of sonthwestern Iowa require but 
passing mention in this place in order to make complete 
the known records in Iowa. The first mention of the 
markings in this part of the state is hy White, who found 
them in :Mills county, at the Stont quarry, ahout five miles 
south of Pacific Junction (Tp. 71 N., R XLIII W., Sec. 
16, SE. qr). "'he location is on the abrupt eastern hluff 
of the Missouri river, about three mHes from the stream. 
The marks are upon the Upper Coal Measure limestone 
wbicb crops out a few feet above the broad flood plain. 
According to White the scratches are of two sets, one 
a rather coarse, the other much finer and much more num-
erous than the former. The rock surface is heautifully 
planed., Tbe direction of tbe striations of the first series 
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was south 10 degrees eust and of the second Bet south 1 
degree east (magnetic deviation here ~bout 10 <legroes). 
, Professor J. E. Todd has visited the same locality lately and 
found several series of strite. The com"sest and best 
developed were found to be south 2 degrees west a"d 0 
degrees, 3 degrees and 6 degrees east. Two finer series 
had bearings south 25 degrees east and south 31 to 34 
degrees east, and still more delicate strim were detected 
south 60 degrees east. About a rod to the eastward and on 
the same level, strim equally distinct were noted with direc-
tions sontb 6 degrees west and south 12 degrees west. 
About. mile north of the Stout quarry, Todd also reports 
'anotber place in which the strim ruu south 3 to 6 
degrees west. A qnarter of a mile f",rther north and 
twenty or thirty feet above the 1I00d plain be has observed 
a limestone snrface on which the striations are mostly 
south 5 degrees west; a few, however, are south 30 degrees 
west. 
NORTHWESTERN IOWA. 
The glacial scratches observed in northwestern Iowa 
are all in the extreme corner of the state where the Sioux 
quartzite crops out. In many places the hard qnartzite 
has been bared over considerable tracts. These Burfaces 
frequently exhibit glacial scratches and grooves. Some 
of the latter observed a mile sonth of Rowena, just over 
the Iowa line in Minnesota, wel'e thirty feet or more in 
length and several inches wide. The direction was south 
63 degrees east. Fine scratches were also noticeable. 
Glacial "strire have been noUced in a number of places in 
the vicinity of the northwestern corner of Iowa. At Law-
rence, a short distance to the northeast in Minnesota, the 
strim have a direction south 16 to 25 degrees east. 
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At Sioux Falls, a few miles to the northwest, v81'i8b1c 
directions nre shown, but Bome of tbe most pronounced 
scratches are south 40 degl'ees east. 
7bbie of ObI'ert"Cll lJircclioll:l of Glat';fd StTjre ill loU:«. 
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THICKNESS OF THE PALEOZOIC STRATA OF 
NORTHEASTERN IOWA. 
BY WILLIAM IIARMON NOUTON. 
The data uI)on which the following report is based m'e 
driller's records of deep borings in northeastern Iowa and 
. examinations of 8ample~drilling8 of the different strata 
penetrated. 
It is well to mention here the presence of certain (liffi-
culties ~hich have attende{l the investigation. These 
were chiefly in the character and extent of the data at 
hand. Some oftbese diflicultieshave been readily met. No 
observer, however inexperienced, could assign the cinders, 
slack and coal sometimes found in samples in considerable 
quantity to any other horizon than the ash heap of the 
engine house, nor the iron filaments which surround the 
magnet when plunged in the drillillgs and the rusty parti-
cles which often cemented a few g.'ains together, to any. 
other cause than the abrasion of drill and rods. 
In the inspection of these drillings it must always be 
kept ill mind that the dbl'lltion of ropes and rods and the 
lifting and lowering of the drill detach f"agments of the 
rocks from far above the bottom of the boring. From 
.shales and incoherent sandstones a large admixture of 
sbale and sand is expected with the drillings of the rocks 
subjacent. When strata of sandstone or shale alternate 
'6ll 
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rapidly with other rocks, the discrimination is aIle of 
peculiar difficulty and it is probable that the thickness of 
sandsfone and shales has frequently been overestimated 
for this reason; drillings of the underlying rocks being 
masked in the samples by the material fallen from above, 
Dl'illings for example below the Saint Peter and from 
variolls horizons in the Cambrian often consist of finely 
comminuted arenaceous and dolomitic material intermixed. 
It then becomes a delicate question to decide whether the 
sand is entirely foreign, fallen from waier-lyashed and 
incoherent sandstones above, and the dl'illings represent 
a pure dolomite, 01' whether the sand is partially extrane-
ous amI partly native, and the sample represents according 
to the Pl'o}Jol'tion of silica, arenaceons dolomite or calcifer-
ous sandstone. The same doubt must frequently arise as 
to whethel' the silica in such drillillgH when native is dis-
seminated 01' exists in thin layers of interbedded sand-
stones. The IJl'oblem is made more intl'iL'llte by the f~lCt 
that, in al'teshm wells, drillings below the Saint Peter are 
often morc 01' less sorted by the action of the watel', being 
brought to the surface by the outflow of water, instead of 
uy the sand-pump. 'Vhen samples of each stratum are 
furnished, the erroL'S resulting from these causes can he 
llll'gely eliminated, but wIlen only one sample is provided 
foJ' scores or a lnllldred fcet and the location of that 
sample within these limits is unknown, complete correction 
is impossible. The record of dl'Hlers, who in the "chuck" 
of the dl'ill, the wear upon it and the length of the" runs" 
113\'e other menns of information, is often of assistance in 
interpreting the dl'illings. But experience very seriously 
inyulidates determinations based upon records alone. 
Serious discrepancies exist between records of' different 
wells in the Slllnc tOWIl, between the records of the boring 
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und the reaming of the same well, and between the recOl'd 
and the series of sample drillings. Granular aud arena-
ceons limestones are sometimes set down us sandstones 
and quartzites or dolomites as gl'llnites. Shales arc made 
excessively thick, and scores 01' hundreds of feet of 
alternating llcterogeneous strata arc included under one 
designation. DriIlings usuaJIy correct these errors; but 
when incomplete they may strengthen them. Thus, drill-
ers' records failing to distinguish between limestone of 
dift'ercnt beds, as the Galena and Trenton, may include 
both undel' one head, II limestone so many feet thick," and 
leave the first sample drilling taken- or the last-to 
represent the entire group. It is believed Lhat this will 
readily account for severnl cases in which formations 
appeal' to be wanting locally. 
In the discl'iminntion of the dl'illings which often came 
in tile unpromising form of paste 01' powder, the rockR 
being completely pulverized by the drill, ordinary optical 
tests were supplemented by examinations with a petro-
graphical microscope and by various chemical and min-
eralogical tests. Polarized light was used in discriminating 
for example. between crystalline silica and nOll-crystalline 
and other minerah;; while the relative proportion of 
different minerals in the drillings could often be decided 
by their rclati\'c pl'oportions in the microscopic field, 
Limestones, dolomites and magnesian limestones were' 
often treated with co]d dilute hydrochloric acid, the residue 
observed, the solutions neutralized with ammonium car-
bonate and treated successively with ammonium oxalat~ 
und hydric disoriic phosphate. The relative amounts of 
magnesia present in different limestones could thus be 
l'oughlyestimated. 'nme permitted no exact quantitative 
tests. 
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In co-ol'dinating the strata of the well sections with 
the different geological formations, in rare instances a 
definite horizon may be recognized by the fortunate pres-
ence of some fossil fragment in the dl'illings. 'l'he meuns 
chieHy used, however, must be lithological similarity and 
order of superposition. So uniform, so well marked, and 
so widely diverse lire the lithological characteristics of the 
rocks of the terranes outcropping in northeastern Iowa, 
and so constant also the order of their snperposition, that 
wheu the dJ'illings show unmistakably the mineralogical 
nature of auy rock at any depth, little hesitancy Heed be 
felt in referring it to its appropriate place in the geologi-
cal column. At the same time, due account must be taken 
of the true possible thinning out of any formation ill' pass-
ing westward and southward from its outcrop; of changes 
in its vhysical features, and of the intercalation of other 
tel'mlles without superficial exposure within the limits of 
the state. In some instances also the structure of the rock, 
as for instance its porosity or incoherence making it u 
water-way, and the known thickness of a rock at. its out-
crop and its dip becomes facts of assistance in its cor-
l'clntion. 
The frankest statement of the difficulties encountered 
in these investigations cannot, after all, destroy the sub-
stantial ,'alne of their results. Upon the results of such 
investigations only we can rely for nIl our knowledge of 
the vast undel'growld extension of' each geological forma-
tion ; compared with which the area of' its outcrop is insig-
~ificant. This knowledge is not only of high scientific 
interest and value but it is also of great practical worth. 
It bears directly upon the subject of at·tesian waters, the 
necessary conditions of the existence in Iowa of natural 
oil and gus in commercial quantities arc matters of the 
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nltitudc, uuu minerological aud physical conditions of ccr~ 
tain Paleozoic fOl'mations,- facts that cun be lletermiucd 
only by exploitotioll of the drill. 
It is n 11lea911re to acknowledge here the hearty eo~opel'­
ation of the mODY who have aided in coneeting and 
1)J'esel'\'ing the dotn upon which tl1is work is based. 
While the number of 11eI'Bons thus contributing to the WOl'k 
is large, grateful acknowledgement is due and is hereby 
rendered to nil. So hearty indeed has been the co-opera tion 
of these persons that in 110 case has there been n failure to 
obtain drillings where they have been preserved. It is 
only to be regretted that in many CRses deep wens hn\'e 
been bored at a considerable expense and yet no record 
. of the strata is now extant. 
It is to be hoped that in the future no deep borings 
will be made in the state without Borne trustworthy pel'son 
obtaining a complete and accurate 1'ccord Rnd series of 
sample drillings. Such a record should contain oil matters 
of obscr\'.ation and judgment of the drillers, and samples 
of the dl'i1lings shpllld be tn4en wheneyer chnnge in the 
rock OCellI'S, and in any case, every ten or twenty feet. 
The drillings shonld be emptied directly into a box from 
the last of the sand pumpings of each" clearing out" and 
immediately labeled with depth from which they were 
obtained. 
Certainly self interest should prompt employers to 
~eCUl'e and preserve such data respecting their own prop-
erty, and yet a considerable number of water works in the 
state· depending upon artesian waters are without thes~ 
fae:ts so importan~ in CRse of many possible contingengies 
to their wells and in case tbat additional wells are desired. 
In some instances even the depth of the water horizons 
are unknown, and yet many thousands of dollars have been 
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fruitlessly spent in Iowa in deep borings below water 
horizons which the knowledge of such facts might have 
sa\'ed. 
In the course of the investigation some twenty differ-
ent well sections were examined, sixteen of which have 
becn cOl'related. fl'hcse allow themselves to be arranged 
in two lines, one running from Emmetsburg to Davenport 
and the other from 'McGregor to CelltervilJe. rrlms twb 
sections of the underlying strata havc been made. '1'he 
iil'st reaches from Davenport northwest and is based upon 
records of weHs drilled at Davenport, Tipton, Cedar Rap-
ids, Vinton, Ackley, :Mason City and EmmetslHlrg. The 
second sturting f!'OIll above DlIbuque iilc]udes the section 
on the }Iississippi and the wells of' J\'Ionticello, Cedar 
Rapids, Sigourney, Ottumwa and Celltcnille. 
1'he correlation of the strata encountered in these wells 
is shown on the accompanying charts (plates xvii and xviii). 
The Cretaceous and Upper Carboniferous appear so 
seldom in the well sections that they need not be here 
considered. Beginning, however, witl) the Lower Car-
boniferous the dift'erent formations down to Algonkian 
are widely recognized, frequently lrith considerable detail. 
LOWER CARBONIFEROUS. 
,,\Vhile a lack of certitude exists us. to the precise limits 
of the series in several well sections, one impressive fact is 
cleul'ly shown; that of the relative decl'ease of the lime-
stone compared with its shales and their almost complete 
disappeal'ance in its southwestern extension. At Cen-
terville for example, from 500 to 1,240 feet-and surely 
within these wide limits the Lower Carboniferous must 
come - there are according to the record but two beds of 
limestone so much 88 twenty feet thick and beds of half 
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this thickness nre few. At Keokuk, shnles comprise three-
fifths of the :Mississippian series. At. Grinnell the pro-
portion of limestone is but little greater than ntCentcl'vilIe. 
'l'his change from Jimestone in the HOI·th to slmle:; in tile 
south has becn note~ by McGee who adduced the fact. that 
the. Kinderhook is almost wholly shales a~ Burlington und 
almost wllOlly limestone at nlnrshalltowll, Iowa Falls and 
Humboldt. But the completcness of this chullge us shown 
by the Grinnell and Centenille sections is as new as it is 
f;;ignificflllt. 
DEYOXIA"N. 
No weB section presents the pl'ohable maximum thick-
ness of the entire Devonian series. If the Devonian is 
di vided by means of the brecciated beds which extend 
f1'om Scott at least to Fayette connty with singular uni-
formity of position and persistence of character, there 
would be an upper and a lower member which meet and 
merge in the disturbed or brecciated beds. The dividing 
line lithologically and paleontologicallyalso to a certain 
extent pusses through their m'idst. As thus defined the 
lower Deyonian is penetrated by three wells: DavenpOl·t, 
Cednr Rapids and Vinton. At Dayenport the summit of 
the section is somewhat above the base of the brecciated 
portion. The thickness of the section here is 115 feet. 
At Cedar Rapids the total thickness of the lower Devonian 
appears to be a little over 100 feet. At Vinton the weH 
head is probably somewhat below the Spirifera pennata beds 
of Calvin and the thickness of the well section is 250 feot. 
At Ackley the entire Devonian series was pierced, its 
thickness being 365 feet. At nfason City the Devonian has 
thinued to from 100 to 200 feet. At Washington, also, it 
is but seventy-four feet thick. The greatest thickness 
of the Devonian thoreforo probably Hes to the west of 
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Cedar Hapids and "Vinton. rnlC drillings f!'Om the lower 
De,'ouian at Daye~pol't, Cedar Rapids and Yin ton exhibit 
the same lithological peculiarities and arc indistinguishable 
from the 6ut-cl'opping rocks of the SHme horizon. 1\. hard, 
drab, non-magnesian Hmestone with subconchoidal frncture 
compacted of the finest cnlcnreous flour is highly charac-
terist.ic of' these beds. At Vinton and Cedar Hapids a 
buff magnesian limestoncoccul'S which probably represents 
the lower buff magnesiclll limestone exposed at Otis. The 
non-magnesian beds have entirely passed out Ht Emmets-
burg, if indeed any of the Deyonian extends that far to 
the west. 
SILU1UAN. 
Upper Division. Toward the north and west so far as 
determined the Upper Silurian preserves unchanged the 
charucteristic qualities of its outcrop; remaining a hard, 
white gray, or buff, rough porous dolomite, often cherty 
and witl1 obscure casts and moulds of fossils. At Vinton 
II thin yein or pocket or fine siliceous powder was struck 
but such residuary products are met in the country rock. 
The most interesting and important discovery made from 
well sections concerning the Upper Silurian is that of Cal-
"in who found at Washington that it Ilad lost its dolomitic 
character and had become a more or less calciferous sand-
stone. As such it continues to Keokuk and Centerville. 
rr'o the west, as at Grinnell, it seems to retain its usual 
facies. 
Special interest attaches to the thickness of the Upper 
Silurian in these sections on account of the estimates that 
have heretofore been made from its outcrop, these vary-
ing from 350 to 5:10 feet. At Davenport and Tipton the 
Upper Silurian section seems to reach itA maximum thick-
ness at 320 to 330 feet. At Tipton, perhaps the upper 
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beds were not passed through, since at :,MOUl1t Y Ol"nOll, 
lying eighteen miles to the northwest, the same formation 
nppears about 460 feet ubo\"c the supposed base of the 
Upper Silurian at rl'ipton. But this may be due to an anti-
cline, as sixteen miles further to the west at Cedar Rapids 
it hus thinned to 285 feet. At 'Vinton, Ackley and ~rasoll 
City it is about 100 feet. 
J.1IaguoZ·eia 131wles. This formation forms so constant 
and unequivocal a member of well sections at leost in 
the eastern part of the state that it is qnite imlispensible 
in their interpl:etation. Softer and paler than the shales 
of the Cambrian and more free from sand and more 
largely calcareol1s than the shales of the Coal ~Iensul'cs 
it is readily differentiated from most of the lithologic-
ally simi1al' beds above ond below it. Though deeply 
buried oyer most of the area under consideration it 
may possibly haye in some locality an economic value 
as a coyer to some unknown reservoir of natural gas 
or oil. The name sometimes applied by drillers, "mud-
rock shales," is forcible and appl'opl'ia~e. The calcareous 
element is large amI in all samples tested is associated 
with more 0]' less magnesia. Intercalated beds of lime-
stone·are r8l'e, yet at Ackley two thin layers of magnesian 
limestone oeCllr, and at Yin ton there is a stratum of browll 
dolomite twenty-three feet thick, classed with the ~raqllo­
keta because of the fifty-foul' feet of shale that underlie 
it. Perhaps at both places these strota represent the 
Galena which is sometimes shaly and which is otherwiae 
absent here. N em' the base of the Maquoketa shale at Mon-
ticello highly bituminous layers occur. It often is in 
places highly pYl'itiferol1s, sometimes being colored bluck 
from this cunse. .At Tjpton, its superior member is a grny 
argillaceous limestone. At Davenport, in the Kimball 
I:!G.Rcp. 
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HOllse section, 125 feet of fossilfel'ous argillaceous lime-
stolle underlie the Macjuoketa and must be classed witb it 
if' its place in the record is correct. 
The great thickness of these shales was quite unex-
I,ected, no previous estimate having exceeded 100 feet. But 
at Da,'enport, according to the KimbaIl House record, the 
shales are 242 feet thick. At Tipton they are at least 185 
feet thiek and may even reach 295. At Vinton they are 
258 feet, according to drillings, and are reported in the 
record of the second well at 320 feet. At MonticeIlo 
they may reach 285 feet. Toward the east and west of 
this eentral area they become thinner, althongh they are 
160 feet thiek at Clinton and Aekley. At Mason City 
they are redueed to fifty-seven feet and at Emmetsburg 
to fifteen feet if represented there at all. 
To the soathwest they also thin out, at Washington 
being not more than 101 feet; at Keokuk sixty-three feet, 
aud at Centerville absent 01' so thin as to escape notice. 
At GrinneIl eighty feet of shale may be referred to.this 
formation. . 
Galena-Trenton Limestones. These formations which 
in well seetions often cannot be differentiated are of 
special interest from their possibilities in economic 
geology. Wherever the drill passes witbin these roeks 
it is followed with an expeetancy born of the diselosure. 
it has made in other states. In Ohio and Indiana, the 
lower ·Trenton iB the source and the porous, creviced 
Upper Trenton, or Galena, the reservoir of the stores 
of natural gas and oil, whose recent diseovCl'y has made 
an epoeh in the industrial history of the nation. Cer-
Certain conditions of attitude, strueture and lithology are 
necessary for the accumulation in commercial quantities 
of these preeious illuminates, but whether or not these 
TJlEN'l'ON LDIESTONE. 170 
conditions exist in easterll Iowo is n mattel' of fut,ther 
investigation. 
The evidence fol' the existence of gas and oil ill these 
rocks throughout the state is as yet largely negative. 
Thus fal' no facts have been discovered tending to prove 
that the Trenton in eastern Iowa embl'llces any thickness 
01' extent of bituminous shale. At one I)Iace only, W nsh-. 
ingtoD, was such found in this fOl'mation, though else-
where it may be present bnt unrepresented in the drillings. 
Argillnceoacaloareous shales indeed OCOUI', and in greater 
volume thau anywhere along the Trenton outcrop in Iowa. 
These an: especially extensive to the north. At Emlllets-
. burg they are ninety-five feet; at :&Iason City fifty-five 
feet, and at Ackley thirty-five feet thick. At the latter 
place, howeyer, they nre indurated and have the facies of 
the shaly layers of the Cambrian. These basal shales 
reappear only at Clinton and Centerville. Elsewhere the 
rl'renton pr~Bents the lithological features which charac-
terize it along its eastern outcrop. It is often fossilifer-
ous, gray, bluish, 01' buff limestone, briskly eft'ervescing 
with acid, never .. dolomite, though usually containing 
more 01' lesR magnesia. 
The Galena, the importance of which as a reservoir fol' 
oil and gas has heen noticed, seems to preserve its identity 
and the structure which fits it for these uses, to long dis-
tances from its outcrop. As far south at least as Davell-
]Jort and Tipton, and as far west as Cedar Rapids and 
MoiiticelIo, it remains unchanged. Further to the south 
and west, at Wa.hington, and also at Ackley and at Vin-
ton, no evidence of it appears. Yet, upon the western side 
of the Ackley-Vinton trough, the rising stl·ota of this 
horizon again become magnesian limestones or dolomites, 
as seell at Mason City and Emmetsburg. At the extreme 
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south, IIlso at Centerville, the plllce of the Galena is OCCII-
pied by a hard, bnll', mngnesian limestone 01' dolomite, 
which like the Upper SHIIl'ion becomes arenaceous. 
Over the westerll part of the area IIndcr consideration 
the thickness of the Galena and 'l'renton is quite uniform, 
as from Mason City to Ackley it falls but little short of 
400 fe~t, and exceeds this from Clinton to Davenport. 
Even as far west as Grinnell it.is 420 feet.· . To the south 
it thins; together with the other Iliemhers of the Devonian . 
and Silurian, though much less than they; fhus, at "'IV ash-
ington it is 297 feet thick; ·at Sigonrney and Keokuk less 
than 150 feet thick; and at Centerville. 210 feet. At 
Monticello it is listed at bnt 225 feet. It probably extends, 
however,.to the place of the last sample of the Maquoketa. 
This wonld add to it nearly 100 feet. 
Saint Peiel' Sandstone. Whenever pierced by the drill 
the Saint Peter is fOlmd to remain the same hed of inco-
herent sand so often descrihed in Iowa and adjacent states. 
Its grains are remarkably uniform in size in any locality 
and stratum, though they vary considerably in different 
places and sometimes in different strata in the same well 
section. At "'IV est Liberty, at a depth of 1,000 feet, the 
graills Hre .18 millimeters in diameter on the nvemge. At 
Tipton most of the grains are included between .27 and 
.39 millimeters, the largest ohsened being 1 millimeter. . 
At Cedar Rapids the larger nnmber fall .37 and .55 
millimeters; at Yin ton and Ackley between .46 and .55 
millimeters; and at Emmetsburg between .46 and .64 milli-
meters. At Centerville there is a remarkable nearness of 
the large majority of grains to .36 millimeters. 
A sample taken at random from the sandstone of the 
Saint Peter at McGregor showed more diversity in size 
of grains than is nSllally obtained in the a,·tesian washings. 
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In this sample most of the larger grains agree in size with 
those from Centerville, but there are many about .18 mil~ 
Hmeters in diameter. 
rrhe grains from the drillings are of liquid quartz, well 
rounded through watcr moyement and smoothed like 
grolmd~g]ass, so that undeI; tlle microscope they haye a 
certain superficial whiteness, though this is not opaque 
enough to conceal the briUiant colors which the abraded 
crystals· display between crossed nicols. No silt or 
cement is pl:e8ent; nor do the grains show secondary 
enlargement. 
The moist sand in bottles is sometimes seen to l;edden 
with time llext the glass with dull ferruginous st~ins. 
The iron thus oxidizing is hardly native, but is probal}Y 
either due to the slightly fernlginated water of the well 
01' to minute filaments and scales of iron from the drill und 
rods. Such is certainly the origin of the rusty cement 
sometimes joining a few grains together. 
In thickness, the Saint ~.eter ,'aries from forty feet at 
Centerville t9 116 feet at VedaI' Rapids. No law is found 
governing this increase. A group of wells, where it is 
thinnest, as at ~Ionticello, West Liberty, Vinton and at 
Tipton where it cannot be over fifty-five feet, are diyided 
by the maximum thickness at Cedal' Rapids. And though 
it reaches its minimum at Centeryille it is remarkably uni~ 
form in the other wells of "son thea stern Iowa, not varying 
in them oyer ten feet f'1'01ll 100 feet. In the northwest the 
range of the Saint Peter is nearly the same as in the 
extreme southeast, it Leing eigl1ty~fiye feet thick at :1\lason 
City and 110 feet at Emmetsburg. 'l'hese variations are 
slight compared with those described in parts of Wiscon~ 
sin, and where owing to the irregular surface of the 
Oueota on which the sands were spread the Suint PeteI' 
182 THICKNESS 010' TUE PALEOZOIO 8TnATA. 
thins out completely on the folds of the inferior limestone, 
and thickens in its troughs to 212 feet. 
The reliltion of the Saint Peter to sea level is seen in 
the accompanying diagrams (plates xvii and xviii) which 
iIIustrnte some fncts of interest. An eastward dip 
of the Paleozoic of northeastern Iowa is clearly seen in 
the section from Emmetsburg to Mason Oity. "\Vhere the 
section runs parallel to the strike of the geological forma-
tions, little change in level of 'the Saint Peter OCC11rs; 
where it crosses the strike at an angle, the general south-
erly dip is nsuaUy noticed. Some significant exceptions 
occur; as for example, on the section from Tipton to Cedar 
Rapids ( omitting intervening points). At the latter point 
the Saint Peter should be found at a lowerlevel than at Tip· 
ton. But the Cedar River deformation, noticed by McGee, 
seems to have here lifted the sandstone to seventy-tlnee 
feet above its le\>el at Tipton. The dip is also anomalous 
on the entire section fl'om Davenport to Ottumwa. In all 
this distance the Saint Peter Bcems to have declined but 
very little. . 
Oneota Limestone. Drillings from' horizolls beneath 
the Saint Peter have well-marked characteristics which 
readily distinguish them from dl'illings from any superior 
formation. But the difficulties already mentioned in 
passing from the finely comminuted and heterogeneous' 
drilling. to the rock of which tbey are ill part com-
posed apply hel'e with peculiar f01'Ce, when there is 
an attempt to (liscriminate the different formations of 
which this complex is composed. E,>en ill the field, 
with plentiful outcrops and quarry sections, it sometimes 
is not yery easy to delimit formntiollR that grodunte 
Yertically into one another. How much harder then 
when the only data nre artesian dl'i1lings! Other 
IOWA GEOLOGICAL- SURVEY. 
EMMETTSD1:RG 
SF.·I LE IEL 
l-L\ SON CITY ACKLEY 
... ... .... . 
. .... . . 
VI~TON 
.. ..... .. ... .. 
DEVONI A N LlME S T ON € 
MAQ UOKETA SHALES 
TRE N T ON L I M ES T ON E 
PETER SA N DSTONE , .. . 
. .. . - . . . . . . . .' . 
... ..... ... 
. ... . . ....... '110 
DEEP WELL SECTIONS FROM EMMETTSBURG TO DAVENPORT. 
PLATE XV II. 
TIPTON 

LOWEn LDIES'I'ONES. 183 
difficulties urise whcn nn nttempt is made to cOl'relate 
members of sections widely dishmt, helonging to a rock 
series whose members may he variable hOI'i:-:ontaHy ; arena-
ceous shales, for example, passiug into sundstones Oil the 
one side Ilnd arenaceons limestones on the other. .t~dd 
to this the fact that no limestone, slmle, or sandstone 
of this series possesses any known features whieh 
in artesian drillings surely distinguish it from any 
other limestone, shale or sandstone of the same series, 
and it wiII be seen that no claim for inerrancy cun be 
made for any conclusions that runy reach any such 
methods. 
N e,'ertheless the various wen sections set forth a few 
salient facts in which there can hardly be any large pel' 
cent of errol'. Immediat~ly underlying the Saint Peter 
sandstone, though sometimes us at Ottumwa and Daven-
port, separated from it by it transition bed of arenaceous, 
slaty shale, there occur everywhere in eastern Iowa heayy 
beds of dolomite. These are in whole or in part the exten-
sion of dolomites of the Upper :Mississippi, called the 
Lower 1tfagnesian by Owen and the Oneota by _McGee. 
In places, as at Tipton and Cedal" Rapids, these dolomites 
arc undivided so far as the incomplete records show, but 
elsewhere they are bipartite, being separated into two beds 
by a layer of sandstone. rrhis intervening sandstone thins 
to the northeast and thickens to the west Hnd south. At 
:i\Iol1ticello it may be no more than 15 feet thick nIHI at 
,Tinton it is 20 feet thick; at Cedar Uapids and Tipton it 
obtained no recognition from the drillers. At Ackley it 
is 80 feet thick; at :Mason City 50 feet; at Grinnell 85 
feet thick; at Ottumwa 122 feet; at Centerville 130 fcct, 
and if calciferous passage beds with the UppCi' dolomite 
be added, it is hore 235 feet thick. 
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Meanwhile the dolomitic hed abo\"e this sandstone 
maintains n remarkahle regularity in thickness from ~Iason 
City to Centerville. The lower dolomite is more variable, 
lind to the south more massive. .At Centerville it is at 
lellst 370 reet ill thickness and it is reported to he 697 reet 
thick at Ottumwa. These dolomitic beds may be desig-
nated as the uppcr and lower Oneota and the intercalcated 
sandstone as the New Richmond. The upper and lower 
Oneotu are so alike in structural and lithological features, 
as a}>peol'ing in drillings, that it is unnecessary to separate 
them in description fU1'tl~el' than to state that the lower 
division is on the whole more arenaceous. Each is a crys-
talline 01' snbcrystalline dolomite, usually gray 01' white in 
color, but sometimes hni!'. So hard is the rock that cbips 
large enough to indicate its structure nre seldom proeured. 
Occasionally it is seen to be porous or to carry minute 
imbedded grains of quartz. lIIuch of the sand pl'esent in 
its drillings is no doubt from above, but much is also 
nath'e, either disseminated or interstratified. The larger 
part of the silica of the Oneota is in the form of chert or 
flint, flnkes of these minerals often forming n large part 
of the drillings and seldom or never wholly absent. 
Drillings from the horizon referred to in New Rich-
mond sandstone present no special diagnostic features to 
distinguish them rroIn inferior sandstones. Usually in 
variation iu size of grain and in proportion of fine qUat·tz-
ose matte .. , it .. esembles the sandstones heneath it. At 
the base of the Ackley section it stl'Oligly l'esembles 
the Saint Petm·. 
OAlIBRIA:s'. 
Bct;nt Oroia.'. Whcrevl'r, in easterll Iowa, the drill 
perfol'ates the lower Oneota, it reaches It sandstone whose 
thickness vuries considel'ably, fl'om fifty-eight feet at 
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:Monticello, where, however, the dl'ill may not have reached 
its base, to pel'hnps 15-1 feet at 'ripton, and 165 feet at. 
'Yest Liberty. Bt'nenth this sandstone the deeper borings 
disclose dolomites, somewhat thin and ineonsbmt com-
pnred with the Oueotll, nnd hen,'y beds of shale. At ~'ip­
tOll this formation is composed of dolomites estimated n 
eighty-five feet thick, resting on 100 feet of nrel1aceons 
shale. At Cedar Rapids 100 feet of shale pass upward 
through calciferous snndrock into the sandstone just men-
tioned. At Mason City, 116 feet of limestone overlie 
fifty-eight feet of shale. 'rhe upper member, the sand-
stone, may be termed the upper Saint Croix and the lower 
m~mbcr, the dolomites and shales, the lower Saint Cl'Oix. 
The lithological affinities of the upper Saint Croix 
sandstone are with the Potsdam, us defined in this paper. 
As delimited in the sections, it is often more or less 
calciferous, and sometimes the dolomitic phases gmduate 
upward into the lower Oneota and downward into the 
lower Saint Croix, At Ackley these transition beds nre 
especially noteworthy. Pel'haljs here the main body of 
sandstone was not reached. Its C010l'S are the lighter 
tints, gray, yenow and buff. 
The dolomites of the lower Saint Croix do not differ 
lithologically from other dolomites of the magnesian series. 
They pass beneath into shales and sandy beds. i"-t Cedar 
Rapids the argillaceous element prevails, the dolomites Hnd 
SiJiCOllS elements being·insigniiicant. At :Mason City and 
Tipton the latter elemellts firc ill excess of the former. 
The shales are of a decided green tint, USUAlly hright and 
rnther dark. 
'rhe sandstone below the lower Snint Croix differs 
from the Saint Peter in the wider diversity in size of' 
grains, in fineness of grains of some of its heds and in 
186 TIIIOI[NESS 0>' TilE l'ALEOZOIO STIIA~'A, 
its greater induration, as shown by faceted grains and the 
rarity of unfructure,l grains of any considerable size, the 
rule obtaining here, ns elsewhere, that the hal'der the rock 
the smaller the fl'agments into which it is broken by the 
drill, In color it ranges from white to pale yellow, pink 
amI bull', not reaching, where observed in Iowa, the darker 
shaaes of red ana brown. 
At only two points in easteI'D Iowa, at Cedar Rapids 
and Tipton, are there records of tbe strata beneath the 
bnsal shales of the lower Saint Croix; at Ce,lar Rapids 
360 reet of sandstone which overlies the Algonkian 
floor, ana at Tipton 443 reet of sandstone belO\v the basal 
shales are I'eferred to the horizon in question. 
ALGONKIAN. 
To the Sioux quartzite belongs the seventy-five feet of 
vitreous quartzite which forms the base of the Cedar 
Rapids section. On comparing the Tipton section it 
seems best to consider the 451 feet of its basal sandstones, 
all more or less indurated as indicated by their faceted 
grains amI the .fine, angular fragments into which tbe rock 
was broken by the arill, as the eastward extension of the 
same beds. The drillings examined furnished no proof 
tbat the Algonkian has been elsewhere reached. 
DRILL REOORDS OF DEEP WELLS IN EMlIETSBURG-
DA YENPORT SEOTION. 
L Emmetsburg Well. 
l:WevaIioDI:IOI(Ht8bo~5eslJeveLJ 
THICKNESS. 
18. Soil .. :.................................. 5 
17. Clay, bright )'ellow, calcareous with drift 
pebbles. Upper Till.................... 16 
16. Clay, blue, pebbly, more strongly calcare-
ous than No. 17. Lower Till ............ W4 225 
E)lllETSllUUO WELL. 
TIfICKNESfI. bEnu. 
15. Sand, moderately coarse, gra}', m()!;tiy clea.r 
quartz, but many grains of pink and dark 
gray quartz, jasper and flint........ . ... 3D 255 
14. Sand, very coarse, similar in composition 
to No. IS, rragments also or fine white 
kaolioic clay..... ...... .. ........•...•. 79 l34 
13. Clay, fine, bright red, a trine sandy, noo-
calcareous . . • • • . . . .. .........•.. ..... Js6 
u. Dolomite. hard, subcrystalline, fossilirer-
OWl, in gray and buff cubes .•••..••. ' ... 366 
Dolomi~e,. or magnesian limestone, buff, 
hard, rough, sub-crystalline, \\ith COD-
siderable sand.. ............. •.•...... 388 
Shale, blue ..................... __ ....... 4 392 
9. Sandstone, coarse grained, with smaIl peb-
bles identical in composition with Nos. 
14 and 15 ........ · .................... · 30 422 
8. Shale, ligbt blue ........... _ ...... _. _ . ... 15 437 
,. limestone, magnesian, gmy....... ... .... SO 487 
6. Dolomite, light buff, soft......... ..... .... go 577 
5. Magnesian limestone, hard, gmy .... ,.. ... B4 661 
4. Shale, blue, argillaceous ••. _... . ... . . •.•. 65 726 
3. Shale, as above, dark blue. ....... . .. . ... 30 756 
2. Sandstone. presenting aU thecharacteristlcs 
of the Saint Peter i grains mostly betw'een 
.55 and .70 millimeters ................. 110 S66 
J. Dolomite, light gray. subcrystalline, 
termed in drillers' record II granite n.... 18 884 
187 
The total thickness of the Pleistocene ( 16 and 17) is 220 
feet. Numbers 13, 14 alld 15 are probably Cretaceous; 12 
is a coarse, rough dolomite unlike, lithologically, allY Creta- _ 
ceous rocks in Iowa, and contains a fragment of an impres-
sion of one valve of a squllre-shouldered hracpiopod unmis-
takahly Paleozoic. The Chicago, }Iilwaukee and Saint 
Paul Uailway Company contributed Ii tnbe of drillings 
which correspond exactly, in the drillings and in the 
accompanying record, so far as it is preserved, witll the 
Emmetsburg section. 
As 2 is plainly the Saint Peter, 3 and 4 may be refer-
red to the 'l'renloll alld olle 10 the nl'per Oneota. 
ISS 'l'lllOJ(NESS OJ.' 'rilE PALEOZOIO STRATA. 
IL l11aso" City TfT.ll. 
(EI~ .. alion 1128 fed abo\'~ sea k\·t1.) 
THICKNESS. 
19. Black loam ...... . 
IS. Cia}· .... 
, 
,6 
17. Limestont', brOlvl1, soft, argillaceous.... 70 
J6. Dolomite, bard, light bluish gray, granular, 
subcrystalline with some lighter and 
softer briskly effer\'esc61lt limestone .... 119 
IS. Dolomite, or magnesian limeslollt:, hard, 
brown........... 87 
14. Shale, blue............... . .... 57 
13. Limestone, magnesian, hard, pale buff.... 50 
Limestone, magnesian, flinty, impure, blu-
ish gray with earthy lustre ........... ' 300 
II. Shale, green, slightly gritty, with chert and 
particles of magnesian limestone.. 55 
Dolomite, highly arenaceous; yellow. ..... 20 
9. Sandstone, fine, white, grains rounded and 
ground 85 
8. Dolomite, white.. . ..•. 113 
7. "Mixed lime and sandstone" (no sample). 50 
6. Dolomite, light gray.... . . . . .. . .... 147 
5. Sandstone, buff and white........... ..... 60 
4. Dolomite, hard, gray, with flakes of rather 
hard, green shale.. . 1I6 
3. Shale, greenish, highly arenaceous, with 
, 
,s 
,8 
217 
,,. 
766 
,86 
8'4 
,84 
1034 
1179 
1249 
fragmentsofdo]omite.... 58 '423 
2. Sandstone, gray, larger grains, rounded, 
manr smaller angular fragments, with 
some greenish shale.. 45 J468 
I. "Granite." The sample 50 labelled con-
sists of sandstone similar to 2, rolmded 
grains about .25-.35 millimeters in diam· 
eter, with some dolomite, chert and 
shale. None of the constituents of gran-
ite are present except quartz.. 1473 
17-19. Humus and drift ...... . 
FEET. 
.. 28 
15-17. Devonian and Upper Silurian ..................... 276 
14· l'Ifaquoketa.......... ..... . .............. 57 
11-13. Galena-Trenton .....•.. 
9"10. Saint Peter .. 
6--8. Upper Oneota ........ . 
r. Algonkian (penetrated) 
···405 
. .... 308 
BASAL (~UAnTZl'l'E. 180 
The mixture of drillings in Hj and tIle nbsence of defi-
nite criteria Ilwke it impossible to delimit tlw Devonhm 
and upper Silurian; 12 shows drillillgs consisting mostly 
of flint, Wllich cmmot, of course, represent the true char-
ter of rocks aggregating 300 feet. 'l'hough])o "granite" 
occurs iu 1, the driller's record may be relied upon that the 
Algonkian quartzite was reached at this point. 
IlL AcHey Well. 
(Elc\",ltinll HI:> fecI ahnt"c tidl'.! 
. 87. AIIt1\'iulIl or drift .. . 
S6. Shale, fille, blue .... . 
85. Shale, fine, blue .. 
84. Sandstone, coarse, bull, vesicular.. 
SJ. Shale, fine, blue ........•.•....... 
82. Shale, fine, blue ... 
SI. Sandstone, fine, hluish white ... 
So. Shale, fine, blue 
79. Shale, fine, blue. . .249 
78. Shale, fine, blue. 250 
77. Sandstone, as No. 82. 260 
76. Shale, blue, white, ferruginous, with concretions.. 265 
75. Shale, fine, blue..................... 290 
74. Limestone, magnesian, highly pyritiferous, con-
taining a little chert. . 307 
7J. Shale, fine, blue . 320 
72. Lime~tone, dark gray, magnesian.. .•. ... 335 
ii. Limestone, argillaceous, non·magnesian, with a 
rragment or Afrypa reit'clIfaris, Linn.. 400 
iO. Limestone, light yellowish gray, argillaceous, 
slightly magnesian, with some green shale...... 4IO 
69. Limestone, ligbt bluish gray, non-magne."ian .. 460 
68. Limestone, light yellowish ~ray, argillaceous and 
slightly siliceous ....... . 473 
67. Limestone, blue, agillaceous, non·magnesian..... 500 
66. Limestone, blue, argillaceous, slightly magnesian. 555 
65. Limestone, brown, slightly magnesian..... 570 
64. Limestone, brown, slightly magnesian 600 
6J. Limestone, brown, slightly magnesian............ 610 
62. Limestone, light brown, magnesian...... 635 
6r. Dolomite.. ............... 730 
59. DOlomite, with much chert 735 
5B. Dolomite, with much chert ...•.. ; ..•.....•..... 740 
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57. Dolomite, Wilh much chert 
56. Dolomite ............ . 
750 
75 1 
55· Dolomite..... 757 
S-t. Dolomite .........••.••...•.•.....•.... 759 
5.3. Dolomite.. .•...........•..........•.....•..... 760 
52. Dolomite.................... ..••...••.•••.•... 76~ 
51. Dolomite, with chert. 775 
50, Dolomite, with chert..... .... 787 
49. Dolomite. with green shale. .. 797 
48. Dolomite, with green chert. 800 
47. Dolomite, with green chert. &13 
46. Shale, green. samples of this from SIS to 960 feet. 
A hard, brown dolomite, crystalline, cherty, 
occurs at 875 and 896 feet, thus bt:ing interbed-
ded in the shale. 960 
45. Limestone, light gray, cherty. 975 
44. Limestone, light gray. cherty.... 995 
43. Limestone, light gray, soft....... ..•......... ... 1015 
42. Limestone, light gray. darker .................... 1040 
41. Limestone, light gray .......................... 1030 
40. Limestone, light gray, softer 
39. Limestone. light gray, softer ...... 1150 
.38. l.imestone, soft, light gray, with some darker 
bluish gray ...... 1160 
37. Limestone, light gray...... . .... u&l 
.36. Limestone, light bluish gray, fossiliferous ...... 1:205 
35. Limestone, light bluish gray, fossiliferous ....... 1230 
34. Limestone, light bluish gray, fossiliferous.. .. 1238 
33. Limestone, light buff.................. . .... 1250 
32. Limestone. dark gray...... . ... 1257 
.31. Limestone, light gray....... . .... 1275 
30. Limestone, drilJings are a fine, bluish black, cal· 
careollS sand mixed with some of lighter color, 
highly pyritiferous. considerable argillaceous ma-
terial and many miscroscopic particles of quartz '300 
29. Limestone, bluish gray, fossiliferous ......•..... 1320 
28. Shale, green.................... .. ... 1325 
27. Share, bright green, indurated, slaty, highly pyrit-
ferous ...................................... 1335 
26. Shale. bright green. slaty. .. . . ... . ... .. . .. 1350 
25. Sand, white grains, rounded. somewhat uniform in 
size....................... . ............ 1360 
24. Sand, white grains, rounded. somewhat uniform~in 
size ...•••..•••...•.•..•.....•............... 1405 
DEI·TIt. 
23. Sand, white, grain!> rounded, somewhat uniform in 
size, finer............... . .... 1415 
Limestone, white, subcrystalline ................. 14-15 
Dolomite, in fine, light yellow ponder ........... 1480 
Dolomite, with considerable light green shale .... 1490 
19. Dolomite, buff, with shale and ocherous grains ... 1500 
IS. Dolomite, white. with some chert and quartz and 
green shale.... . 1505 
'7. Dolomite, white, with some chert, quart7. and 
green shale... . .. 1515 
16. Dolomite. light yellow..... . 1530 
15. Dolomite. hard, gray, ~ubcrystaJline, with grains of 
quartz ............ _ ......................... 1540 
14. Dolomite, white. . ... 154S 
13. Dolomite, hard, rough, light billT, subcrystalline .. 1550 
Sandstone, white, rounded grains, with numerous 
minute chips of dolomite.. .. 1565 
Sandstone, as ahove ... _ . 1580 
lb. Sandstone, light. fine grained, friable, grains 
rounded, varying widely in size, the largest 
being about one millimeter in diamHer . . 1595 
9. Sandstone, hard, light gray, moderately fine 
grained, with considerable green shale ........ 1610 
S. Sandstone, white. grains rounded and resembling 
the Saint Peter in general uniformity in size; 
many from seven to. nine millimeters, largest 
o\'er one millimeter. .. 1635 
7. Dolomite, buff ................................. 1645 
6. Dolomite, arenaceous or calciferous sandstone .... ]675 
5. Dolomite, hard, gruy, subcrystalline, pyritiferous. 1685 
4. Dolomite, light gray ............................ 1720 
J. Dolomite, siliceous, gray, with admixture of quartz 
grains, and some chert................. . ..... t820 
2. Dolomite, like above, but with more chert ........ 1950 
t. Sandstone, grains rounded, moderately large, with 
considerable gray dolomite 
NunnERS. FEET. 
13-86. Coal Measures........... :2J5 
62-72. Devonian....... 365 
47-6t. Upper Silurian ...•.....•........................ 115 
46. Maquoketa ............ >................. 160 
26-45. Upper and Lower Trenton....................... 385 
23-25. Saint Peter .... _ .. .. . ... . . . ... . . . . .. ........... 85 
13. Oneota......................................... 375 
1- 3. Upper Saint Croix (penetrated)................. 280 
1!ll 
lH2 TUICJOmSS OF TIlE PALEOZOIC S'l'HAT~\. 
Numbers 7;~0 lire taken to represent a Carboniferous 
outlier rather than the J{inderhook. ,'lith the intercal-
ated magnesian Jimestone in 40, there should be compared 
the similar bed interstmtificd with the ~raquoketa shales 
at Vinton. In each instunce it is possible thut these beds 
represent the westwunl extension of the Galena. 26, 27 
and 28 are transition bedfi from rrrenton to Saint Peter, 
and into the latter 26 and 27 should perhaps be placed. 
Perhaps 22 represents a calcareolls layer neal' the base of 
the Saint. Peter. 1,2 and R represents the passage beds 
from the lower Oneota to the upper Croix, growing more 
and morc 1l1'ennCeous dOWn1YlIl'd, but remaining more or less 
calciferous to the bottom of the wel1. In this well, as in 
others, where the specific depth of each sample is stated, 
it is assumed as (l general rule in reckoning the thickness 
of a stratum, that the dl'illings represent its summit and 
that it extends beneath to the portion of the next 
drillillgs. 
I V: Vinton Well No. 1. 
(Ele,·"t;on;80abovet;de.) 
TIlICKNESS. 
36. Alluvial and Drift deposits, in ancient river 
valley. . ......... 115 
35. Limestone, chips hard and compact, non-
magnesian. light cream color, fraclure 
sub-conchoidal 
34. Limesto;lc, chips magnesian. light buff, 
porous, subcrystalline ................. 15 
33. Limestone, powder pinkish, argil1aceous, 
cherty, cOlltains some magnesia; associ-
ated with some dark day and light non-
"5 
135 
magnesian limestone.. 18 168 
32. Limestone, powder white, non·magnesian, 
pyritiferous, with white chert and some 
rounded grains of quartz .......... ,.... 82 250 
31. Dolomite, hard, compact, sub·crystalline, 
yellowish in color, with white chert, 
inclosing centres of gray mnt..... IS 265 
VIXTOX WELL. 193 
30. Dolomite, powder white............ 275 
29. Dolomite, hluish gray, subcryslalline, with 
gray flin.t.... ......................... 285 
28. Clay, light green...... ..•.........••.... 290 
27. Sandstone, "ery fine, white, grains angu-
lar... 295 
26. Dolomite, chips sofl, light gray, porous, 
suhcryslalline,witlta little dark gray flint. 55 35J 
25. Shale, grt:ell, calcareous........ .......... 25 375' 
2-1. Shale, fine, bluish, calcareous, soluble por-
tion mngne~ian .............•... ' ..... 167 5-12 
23. Magnesian limestone or dolomite, cflips 
hard, brown, subcrJ5!alline, ferrugillou:l 23 565 
Shale, light and dark gmy.... 9 574 
Shale, light bluish, calcareous 45 619 
Limestone, powder light gra}',argillacl:ull:l, 
contajnssomemagne~ia .............. III 730 
19. Limestone, powder cream colored, contain!> 
some magnesia.. . ................ 30 76:) 
18. Limestone, as above, Z80 
Ii. Limestone., us aho\'e . 27 807 
16. No sample.. 13 820 
IS. Limestone, like No. 19, gray in color..... 15 835 
14. Limestone, chips minute, soft gray.. 65 ry:x> 
13. Limestone, chips minute, blui~h gray, non· 
magnesian... 75 975 
Limestone, chips thin, flaky, rather soft, 
fine grained, compact, light gray, nOll' 
magnesian,... 45 
Sandstone, wilh fragments of limestone.. 1040 
Sandstone, clean quartz, grains round~d, of 
moderate and nearly uniform size, vitre-
ous, limpid, surface ground .... , . 35 1075 
9. Chert, white, with "'hite ciolomite, mId 
greenish slate-like shale...... Io..~ 
S. Dolomite. chips subcrystallille, minutely 
porous, medium dark gray, with much 
cherL...... 15 logS 
7. Dolomite, powder finp, white............. 5 
6. Dolomite, chips white and light gray, 
fine grained, subcrystalline, with some 
chert.... 25 1125 
5. Dolomite, b.lrd. medium dark 1!rar, and 
softer whitt:..................... ...... 50 Il75 
13G.Rcp. 
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THICKNESS. 
4. Sandstone, with considerable dolomite, 
grains of silica light colored, vary'ing 
widely in size, largest being ahout .9 
millimeters in diameter .. ,.. 15 11g> 
J. Dolomite, like No.6.............. 85 1275 
2. Chert. with minute calcareous fragments.. 1285 
I. Sandstone, grains mostly rounded varying 
considerable in size. largest about one 
milimeter, also considerable dolomite... 1287 
J2-36. Devonian .. 
26-31. Upper Silurian .... 
21-25. Maquoketa 
Upper and Lower Trenton ..... 
Saint Peter ... 
2- g. Upper Oneota. 
I. New Richmond (penetrated) 
,Ii<) 
4°' 
55 
As the ancient river valley whose depth is represented 
ill 38 is excavated in Deyonian strata, the thickness of 
the Devonian penetrated is reckoned to the well-head. 
The following drillers' record is of a second well at Vinton 
hored to a depth of 1,440 feet or more: 
THICKNE!;S. 
"To rock" ..... . 
9. "White limestone" . 
8. .. Tough, blue clay .... 3'° 
7. "Brown limestone" ........... . 
6. .. Light gray limestone......... . 150 
5. "Saint Peter sandstone" 50 
4. "Brown sandstone"...................... 200 
3. .. Light sandstone, water bearing" .... 
2. "Coarse brown sandstone'·....... . 170 
J. "\Vhite, coarse sandstone, water bearing" . 30 
300 
6'0 
8,0 
970 
1240 
1410 
1440 
The agreement of the above record with the record and 
and drillings of well No.1 is more noticeable than the di.-
agreement between them. The discrepancies in the rec-
ords of the two wells are as follows: In welI No.2 the 
GEDAH HAPIDS WELL. 1!l5 
Uppcr Silurian is not discriminntca, the top of the ~Inquo­
ketn is fifty feet higher than in the record of well No.1; the 
j)Iaquoketn is fifty-two feet thicker and the GalenaJfreu-
ton ns much thinner; the Upper Oueota is called" browl1 
sandstone," tlie drillers not distinguishing the :fine saud of 
angular drill-cut fragments of dolomite from true silicious 
sand, a common error. The thickness of the Saint Peter 
is the same in both sections, but it is placed fifty fect 
higher in well No.2. The thin sandy layer at 1,175 in 
well No.1 is overlooked in well No.2. Sandstone 3 of 
well No.2 is identical with the basal sandstone of well 
No.1, and is referred to tIle New Richmond; 2 of well 
No.2, 170 feet thick, is taken to be the lower Oneota dol-
omite and 1 to be Lhe summit.. of Lhe upper SainL Croix 
sandstone. 
r: Cedar Rapids 1Vpll, .LYo. 1. 
(E!e~.,.tion 7JJfeetabm-elide.) 
THICKNESS. 
26. Alluvium .. 
25_ Limestone, light buff, rather soft, mag-
nesian; and gray, very hard, non·mag· 
nesian, compact, somewhat fragmental 
in structure .... 
". 
Limestone, gray, sparry,subcrrstalline ... 
". 
Limestone, moderately hard, light buff, 
magnesian. 
Dolomite, pink, minutely vesicular, sub-
crystalline .. 
". 
Dolomite, bright buff, porous .. " 
Dolomite, hard, light gray, porous ... 
". Dolomite, coarser grained than above, 
light yellow in color. ... 
,'. Dolomite, hard. light gray, subcrystalline, 
with some white chert . 
'7· Dolomite. like above but softer and yellow-
ish in color ................. 
,6. Shale, fine, bluish green, calcareous, mag-
4" 
85 
'" 
65 
60 
3D 
'5 
45 
nesian. .................. :200 
15· Limestone, magnt!Sian and non·magnesian. 295 
5" 
'35 
'75 
'4" 
.100 
33" 
35" 
375 
4'" 
6," 
"5 
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l4. Shale 
13. Sandstone, slightly \.lluish or greenish gmy, 
grains of quartz munded, with consider· 
able calcareous powder and some gray 
9'0 
shale.. . ........................... 65 9!lS 
12. Shale, dark colored... 936 
Sandstone, dean, white grains, rounded 
and somewhat unifornl in size.... ..... 50 1036 
Dolomite, light gray, rather hard, arenace-
ous, of fine texture, and with much finely 
laminated green shale. . 74 1150 
9. Dolomite, very hard, gray, subcrystalline. 
8. Dolomite, gray, with chert, white and 
quartzose sand.. . ... 270 14w 
7. Sandstone, drillings consist of fine white 
rounded grains with much finely com-
minuted quartz and many small angular 
fragments of white dolomite.. 88 1508 
6. Sandstone, fine, yellowish, water bearing.. 42 1550 
5. Sandstone, with slight admixture of calca-
reous powder. .. ................ . 140 1690 
4. Shale, tough and hard, containing a small 
amount of 'iCry fine silicious particles 
and some dolomite.. 1790 
3. Sandstone, light, reddish grains largely 
angUlar, some with crystalline facets .. 160 1950 
Sandstone, cream colored. very fine 
grained.... . ...... 200 2150 
I. Qnartzite, reddish brown, grains angular, 
rock drilled with great difficulty. 75 2225 
Limestone of number 25 resembles the magnesian Hme: 
stone outcropping heneath the Otis beds at water level 
along the Cedar river from Otis to Cedar Rapids. 'fhe 
well head lies somewhat above the Independence shales. 
Number 24 apparently occupies the place of the Bertram 
beds which they resemble lithologically; 23 is probably 
the :Mount 1T ernon beds and the dolomites immediately 
subjacent, the Le Claire; 15 comprises the Galena and 
Trenton. In the drillers' record it appears as a "reddish 
TIl'1'OX WELL. 19; 
brown sandstone." ffluec different samplc dl'illings of 
this number each statcll to reprcsent the entire 295 feet, in 
the possession of dill'ereut persons, illustrate the need of 
constant caution in dealing with such data. One sample 
is a gray dolomite, evidently from the Galena; one a light 
gray, non-magnesian limestone, as surely from the 'Trenton, 
aIHI the third is a quartz sand whose true position is quite 
uncertain. From the reaming of the well authentic sam-
ples of the 'Trenton were obtained at 800 feet and 850 feet. 
These consisted of chips of light gray, fossiliferous lime-
stone, briskly effcrvescent in cold dilute hydrochloric acid 
lustre earthy, relieved by a few crystalline facets. The 
. Trenton must, therefore, extend upward at least to 800 feet 
and occupy 120 feet of the 295 reet referred conjointly to 
it and the Galena; 7 appears to be the transition beds 
between the Oneota dolomites and the upper Saint Croix 
sandstones, and is classed here with the latter. 
FEET. 
24-25. Devonian... . 135 
17-23. UpperSilurian ................................. 285 
16. Maquoketa 
J4-15. ·Galena·Trenton... 300 
11-13. Saint Peter I16 
8-10. Oneola............ 38-1 
2- 7. Cambrian ...... . 
I. Algonkian? ( Sioux Quartzite) 
TTL Tipton Well. 
(Ele\"3tion s,o feet abo'l"e tidc.) 
570 
75 
DIiPTl{ OF 
SAMPLE. 
54. Drift...... . ............. 125 125 
53. Dolomite .. hard, light gray, with white chert. 325 135 
52. Limestone, soft, medium dark gray, argil. 
Jaceous, slightly magnesian............. 445 
sr. Shale, greenish.. ......... 520 
SO. Shale, greenish............ 570 
49. Shale. greenish...... . ............. 295 640 
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TJJJCKNESS. 
48. Dolomite, hard, gray _.. •. .•• . •• . •• •••• .• . 60 740 
47. Limestone, soft, light buff, magnesian..... 800 
46. Limestone, soft, light grar, somewhat argil· 
laceous .. _. 850 
45. Limestone, white, slightly magnesian 885 
-14. Limestone, soft, light gray. slightly magne-
sian ......•.............• _.. goo 
43. Limestone, as above, but darker. __ ... . . . 950 
42. Limestone, dark bluish gray; fossiliferous, 
somewhat argillaceous, non.magnesian .. 150 990 
41. Shale, green 15 
40. Limestone, soft, dark bluish gray, argilla-
1015 
39. Limestone, as above _ .. ' 15 1030 
38. Sand, clean, white, grains rounded and 
ground. .. . . . . . .• • ........... _ ......• 15-55 1010 
37. Dolomite, hard, gray, with green shale.... 1085 
36. Dolomite, white, in powder with consider-
erable aluminous admixture and with 
minute grains of silicious sand, ....• 
35. Dolomite, in minute angular fragments, sub· 
crystalline, light buff...... 1140 
34. Dolomite, light gray. _ _ 1150 
33. Dolomite, white, in powder.. IfSS 
32. Dolomite, gray, in coarser powd~r. _.. IISo 
3t. Dolomite, hard, gray .... -_ 1I95 
30. Dolomite, hard, lighter gray, with green 
shale. 
29. Dolomite. as above, cherty..... .......... 1250 
28. Chert, white, \\ith minute fragments of 
dolomite, hard, gray, porous ..••....... 377 1362 
27. Sand, fine, light-colored grains of rounded 
quartz, many with fresh fractured sur· 
faces, some displaying crystalline facets, 
also many grains of dolomite, wllite, sub-
crysla11ine. 1462 
26. Sand, as above, but finer, with less dolo-
mite..................... . .•.• 154 1502 
25. Dolomite, dark gray.. ..... .. .... 86 1616 
24. Shale, dark greenish, pyritiferous, with 
much dolomite, and fragments of fine· 
grained argillaceous sandstone .••.....•• 100 '702 
23. Sandstone, white, grains an g u I a ran d 
rounded, many faceted................. 1802 
TIPTON WELL. 199 
TJUCKN.H5S. DSPTJI. 
Sandstone, as above...... .. .. .. . .• ..•.•. 1865 
Sandstone, white. grains very fine, mostly 
angular .•••....•.•.••.. '" ..•...•.•.. , 1900 
Sandstone, pinkish, fine-grained, in minute 
loosely coherent fragments............. 1990 
19. Sandslone, in fine reddish powder consist-
ing mostly of microscopic grains of 
quartz ...•.••..••......•.•.•.......... 
18. Sandstone, in fine powder, gray, consisting, 
as seen under the microscope, of grains 
or quartz. mostly angular •.. " .•.•. .-.... 2150 
17. Sandstone. white, grains of modemte size. 
mostly angular. some with secondary 
enlargements .... _ .•••... '" .. ..•. . ... 443 
16. Sandstone, pinkish ..............•...... 
IS_ Sandstone, reddish ...•.............•.•.. 
14- Sandstone, pinkish, angular grains and . 
grains with crystalline facets ...•.•.•..•• 
J3. Sandstone, light pink. in angular fragments. 
Sandstone, reddish •........•••..•.•.....• 
Sandstone, as above, but lighter in tint ...• 
Sandstone, reddish brown ....•.•.•......• 
9. Sandstone, dark reddish brown, grains 
angular ............................... . 
8. Sandstone, fine-grained, brown ......•••.• 
7. Sandstone, Hne-grained, reddish .....•...• 
6. Sandstone, as above ....•.•••...•.•.•.••.. 
5. Sandstone, as above ..................... . 
4. Sandstone, as ahove ..................... . 
3. Sandstone, in very fine pink sand .•....... 
2. Sandstone. fine brownish .........•...•... 
I. Sandstone. very fine. light reddish brown .• 
SUMlIARV. 
4SJ{ 
2245 
'300 
'400 
'430 
'500 
'ssa 
2575 
,600 
.630 
.64. 
,6sa 
,66S 
2675 
.68, 
'696 
'696!f 
NU!OIBERS. FEET. 
54. Drift .......•.•.•......•........•.•.•........•. 125 
52. Upper Silurian. .. ... . . .... ...... ............. . . • 315 
49-52. Maquoketa........... ............ .. ............ 295 
48. Galena. .. . . . .. . .... .•.••.. .. . . . . ... ............ 60 
39-47. Trenton..... .. .. . .•. ..... . ... ..•.......•...... 230 
38. Saint Peter .........•.•.....•......•...•••.•. ' •. 15-55 
18-37. Oneota ......................................... 377 
'7-27. Cambrian.................... ..•...•.......... 783 
J-16. Algonkian? ................................... 451 
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Drillings of numbel's 1 and 16 consist of quartzose' 
sand 01' powder compo:;ed of angular frugments, though 
all are termed sandstone above, the degree of induration 
of the rock may rcnch that of quurtzite. 
YII. Davenport, Park lVell, 
ElemUon about ,99 feet abCl\'!.' lide. 
TfJlCK"r;ss. 
26. "Loess," no sample..................... 40 40 
25. .1 Boulder clay," no sample......... 60 
24. Shale, dark, no sample 30 130 
23. LImestone, pllre, bard, gray. compact, 01 
fin~ texture, non-magnesian ............. 220 350 
Dolomite, hard, highly vesicular, light 
pinkish bulf, with casts of crinoid stems, 
and fasts of apex of Plulystoma ,dugar-
ellse, Hall... ..... 30 280 
Dolomite, subcrystalline, cream colored, 
highly vesicular, with obscure cast of 
bryozoans... . .. .. . . .. . •.. .•• ... •• ... . • 400 
Dolomite, hard, bluish gray, subcrystalline. 90 490 
19. Shale, lead colored, argillaceous, very 
slightly calcareo·magnesian, fossilifer-
ous, blackens inclosed tube, B. n., turns 
white.. ... ........... ... 30 520 
18. Dolomite, white, arenaceous........... .. 80 600 
17. Dolomite, hard, gray, sllbcr}'stalline..... .')0 650 
1('). Dolomite, hard, rough, brownish white, 
some tine gray shale ....... '.. ... ..... .• 75 725 
15. Dolomite, lighter in color, with obscure 
casts offossils rererred to Zygospira ..•.. .')0 775 
14. Dolomite, light brownish .................. 12.') 900 
13. Dolomite, as above, with white chert..... SO 950 
12. Dolomite, magnesian limestone, white..... 75 1025 
Limestone, light bluish gray, non·mag-
nesian, argillaceous, in thin flaky chip!i:. 50 1075 
Shale, green, pyritiferous................. loS.') 
9. Sandstone, grains rather coarse, rounded, 
white and pinkish............ ..... 90 1160 
S. Shale, indurated, slightly arenaceous, fine 
grained, gray. green and purplish....... 30 1190 
7. Dolomite, light gray, arenaceous.......... 60 1250 
6. Dolomite, light buff, arenaceous.. 50 1300 
DAVENPOUT WELL. !WI 
THICKNE.SS. OE1'T1l. 
5. DolomIte, buff, arenaceous.... . 1400 
4. "No record" ... . . .... 25 1425 
3. II Sandstone" .. . 1435 
2. .. Limestone "... I53.'i 
I. Dolomite, in minute fragments, with large 
admixture of silicious sand ....•..... , 1797 
25-16. Pleistocene. 
25. Carboniferous .. 
2,3. Devonian ..... . 
Upper Silurian. 
12-19. Undetermined. 
su~mAR\,. 
30 
'40 
535 
Trenton •....... 
8-9. Saint Peter .. 
.... 60 
2-1. Oneola ........ . 
I. Undetermined .. . 
345 
,6, 
FIII. Davenport, Kimball HOllse Well. 
(Ele\·;ttloo.r~'I'J fcctabO\'o thlo.) 
THiCKNESS. 
15. II Modifi~d Drift". 
'3 
14. Limestone, magnesian, compact, of fine 
texture, hard, light and dark gray in color 67 
13. Limestone, softer. lighter colored, similar 
in composition and texture .. '. .... ...... 48 
Dolomite, bard, pure, subcrystalline, \'esic-
ular, light greenish gray, with casts and 
'3 
So 
,,8 
moulds offossils... ........ 47 175 
Dolumite, as above, darker in color ...... 130 305 
Dolomite, as No. 12.... '" ..... 120 425 
9. Dolomite, light, bluish gray, with white 
chert ••... 
8. Shale, black, pyritiferous, non·carbona-
ceous ....... 21 475 
,. Shale, blue... go 565 
6. Limestone, blUe, argillaceous, fossiliferous. 125 690 
5. Dolomite, hard, rough, 5uhcryslalline. 
medium dark buff.. 40 130 
4. Sand, fine, buff, largel), dolomitic, with 
rounded grains of quartz, also many 
grains of pyrite in minute, agglomerated 
crystals (water bearing).. 45 775 
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TIUCKNBSS. DEPTH. 
3. ., Limestone,'" &OCt. yellow. magnesian (no 
sample}............................... 75 850 
2. .. Limestone," hard. buff, non-magnesian 
(no sample). ••............. ... .•.... 50 900 
I. .. Limestone." argillaceous, ferruginous ( no 
sample } •.••.• _ •.•.• _ ••... _, .••.•.... ,_ 90 990 
NU;)IBERS. 
IS. Pleistocene or recent.......... .................• 13 
i3-14. Devonian .•......•...•• _ ..... _ .......•.•...•....• lIS 
9-12. Upper Silurian •... ' ....••..............•.•••.••• 320 
6-9. l'tfaquoketa......................... . ..•........ 242 
1-5. Undetermined. ~ 
RECORDS OF DEEP WELLS IN THE MCGREGOR-
CENTERVILLE SECTION. 
IX. Me Gregor Section (above the town). 
I Sleval10n about S6lI i~t a1roTe tide..l 
3. Trenton limestone .... _,_ '" _ •.................. 
FRET. 
80 
2. Saint Peter sandstone....... ..... ... ..•.....•.... iQ 
1. Oneota limestone and shale.................. ..... 90 
X. Monticello Well. 
(BIevaUOII 8zo fut abo~ tldeo) 
DEPTH OF 
TllICKN855. SAMPLE. 
24. Drift.................................... 85 60 
23. Dolomite,light huR........ ..• ......•... 15 85 
Dolomite, lighter in color than above, 
porous. 5ubcrystallioe, with somE" ebert, 40 
Dolomite, hard, huff, porous, with coosider· 
able chert............................ . 60 140 
Dolomite, gray, with chert............... 35 
19. Dolomite, bard, buff, porous •••••.•.••.. 30 235 
18. Shale, greenish, slightly calcareous •.•.•.• 265 
17. Shale, greenish, slightly calcareous .•••.•• 155 380 
16. Shale, dark brown, strongly bituminous, 
pyritiCerous, sUghtlycatcareous .• ~ •.••.•• 30 420 
15. Shale, light greenish gray, magnesian ....• )00 450 
14. Shale, as above, with some gray subttys· 
talline dolomite, or magnesiau limestone. 65 550 
1I0NTlOELLO WELL. 
THICKNESS. 
IJ. Dolomite. as that above, and limestone, 
soft, white ...•••.••....••...•.•••• _..... 30 
Limestone. non-magnesian. in tlaky chiPs. 
fossiliferous, rather 50ft, bluish gray in 
color .•.•••• _._ ....•••...••..•••••• _ .... 130 
Sandstone, grain.,; rounded, fine. ...••.••• 25 
Dolomite, cream colored, with some quartz 
sand, probably (rom above ....•••.•..••• 
9. Dolomite, as above, darker in color ..•.•.. 
S. Dolomite, light gray ....•. _ .............. . 
7. Dolomite, light yellowish ..•.•.•••.•.....• 
6. Dolomite, highly silicious, or calciferous 
s.tndstone .. . .•...•...•. .•. . ...••..... 
5. Dolomite, hard. silicious, reddish buff.... 5 
4. Shale, yellowish green, non-calcareous. , .. 
3. Dolomite, gray ...•..... _........ . . . . .. . .. 100 
2. Sandstone, coarser than above, grains usu-
ally rounded, but some with crystalline 
faces ••••••••••••••••••.•..•.•.••••..• 
I. Sandstone, light yelJow, particles mostly 
angular ......•.....•.................• 
SUMMARY. 
DEPTII. 
6.s 
64s 
77S 
800 
8", 
9'" 
97S 
1025 
1035 
'04° 
.oSS 
1140 
t1g8 
NUMIIERS. FEET. 
19-23. Upper Silurian... •........•............ 180 
15-J8. Maquoketa ........... ,......................... 785 
12-14. Galena-Trenton ........................•....... 235 
Saint Peter ...... " ............ ..•....•....... 25 
4-10. Oncola ........................•.•.•. " .• . .•••.. 340 
Saint Croix..................................... 58 
XL Vedal' Rapids Well. 
(See Section V.) 
XIL Sig01mwy Well. 
(ElevaUOII ,aJ feet abo\"e tide., 
THICKNESS. DEPTH. 
'4. Drirt. .....•.•....... - ....•. " ... ..•....• 98 98 
23. Limestone, impure, t.'anhy......... ....... 120 
Limestone, cherty,...................... IS 135 
21. Shale, ca1careous .................. _..... 155 
Limestone and shale................ .... 16S 
Ig. Limestone, hard, bluish grar............. 5 170 
18. Limestone. light. chert)·.... ........•..•.. 17 187 
203 
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TIIICKNESS. 
17. Shale .... :.................... ......... 2 lag. 
16. Limestone, hard, white with brown pieces. 125 314 
15. Shale, dark green....... ..... ... ....... .. I 315 
14. Limestone, grayish white, drab in places.. 41 356 
13· Shale, soft, green ......................... 19B 554 
Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 556 
Shale, soft, green.. •••..... ••..•••• ..••• .• 29 585 
Limestone (Cedar Valley?) .............. 250 
9. Sandstone (Montpelier?). .....•........•. JO 
8. Limestone.......... .................... 6 
7. Sbale. blue clay .......................... 151 
6. Limestone................... ........... 245 
5. Shale .............. :..................... 6 
4. Limestone ............................... 34-
3· Sandstone............................... 115 1430 
2. Limestone.... . ......................... 287 1717 
I. Limestone.. ............................ 171 1SS8 
SUMMARY. 
FEET. 
24- Drift •.•...........••...........•...............•. 9B 
18-23. Saint Louis....... ..................... .......... 187 
14"':'7. Augusta ....................................•.... 168 
11-13. Kinderhook ...................................... 229 
9""10. Devonian ...................................... 280 
8. Upper Silurian......................... .......... 6 
7. Jl,faquokela...................................... 1St 
4-6. TrenlonandGalena .............................. 285 
J. SaintPeter ...................................... US 
Ooeola ......................................... 458 
XIIL Ott1ll"wa Well. 
C Ele11'lUon 749 ftel. _hove lide.) 
THICKNESS. 
18. Drift................................. ...:as :as 
17· Limestone, Saint Louis...... ...... ....... 23 46 
16. Shale, Saint Louis..... ................. 14 60 
IS· Sandstone, Saint Louis ............ __ ..... 30 go 
14· Limestone, Saint Louis............ ....... 14 104 
IJ. Shale aDd limestone. Keokuk............. 116 
Sandstone, Burlington.................... 3D 250 
Limestone, Burlin~ton ................... ISo 430 
Limestone, Kinderhook..... ............. 15 445 
O'l'1'U3IWA WBLL. 205 
TlJICKNESS. DEPTH. 
9· Shale, Kinderhook... . 160 605 
8. Limestone, mixed with sand, Hamilton and 
Oriskall ................. . 
i· Limestone, Niagar,\... . 150 955 
6 Lime and sandrock, Galena and Trenton.. 90 10.J5 
5· Sandstone, Saint Peter. 93 1138 
4· Slate, Lower Magnesian. ... 1158 
3· Limestone, Lower Magnesian... 1258 
Sandstone, Lower Magnesian.. . 1380 
I. Limestone, Lower Magnesian ... 
··6<)7 2077 
The above section is republished from an article by 
Gordon. The assignment of the geological formations is 
given by him. If the identification of 5~a(_Sail1t Peter 
be correct, 3 represents the upper Oneota, here 100 j"'feet 
thick, with the heavy sandstone, 2, below. No.1, com-
prehended under the single term limestone, 697 feet, 
which is probably as complex' ill fact as in the cor-
responding part of the Centerville section. 
XIY: Centerville TVell. 
iEle,,,I;on IO'7abO'i.·e5cale\·cl.) \. 
T1I1CKl\ESS. 
90. Drift. 50 50 
89. Coal and shak.. lS7 
S8. Sandstone and calcareous 5Ilal~·. 500 
87· Shale.. 595 
86. Sandstone, caldft:rous.. . 610 
85. Lirnestone, hanl, rollgh, gray, siliciou<:, 
(same also at 620).. 630 
84. Shale, calcareous... .. 6.10 
83. Shale, light buff. . 70 650 
82. Shale, samplt:s from 670 to 700 feet.. 700 
81. Shale, gritty, with small angular particles of 
flint, a bluish gray non·magnesian lime-
stone and white quartz sand 715 
&l. Shale (same as 725). " .. . 35 750 
i9. Shale, calcareous, or limestone argillaceous 8 7fu 
78. Shale.. .................. ... 77 768 
77. Limestone, white, non·magnesian, with 
much white flint as chips, and shale.... 845 
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TII1CKNESS. DEPTH. 
76. Shale, calcareous ......... . 
75. Shale ......................... . 
74. Shale, calcareous ...... . 
73. Limestone, soft, white, 
with some white Rint.. 
72. Limestone, siliciolls .. 
7'. Shale .. 
1l0n-magnO:5iau, 
70. Limestone, dark brown, briskly cff~r\'es­
cent with cold dilute hydrochloric acid, 
SSS 
865 
875 
885 
895 
905 
and much gray chert, as {'hips in shale.. 915 
69· Shale.. . . 935 
68. Shale, calcareous... ... 955 
67. Shale.,... 965 
66. Shale, arenaceol1.!". 975 
65. Shale.... . .. I IS 1023 
6,t. Limestone. bluish gray. non-magnesian, 
pyritiferous, siliceous. J030 
63_ Shale....... ... 60 1090 
62. Limestone, fine-grained, white, non-mag-
nesian 
61. Shale .................. __ ..... . 30 11.,0 
60. Shale, calcareous at 1140 .. . 1150 
59. Limestone, gray, rather soft, non-magne-
sian............ 1160 
58. Shale, arenaceous, samples from 1168 ..... 32 1189 
57. Limestone, g~ay, non·magnesian, silicious 
{water bearing) ........ 
56. Shale, arenaceous at 1210 •.. 
55. Limestone, argillaceous, or ~hale, calca-
Jl3° 
54. Limestone, light grn}', argillaceous, briskly 
effervescing in cold dilute He!....... ... 1240 
53. Limestone, compact, fine-grained, light 
bluish gray ................. 1260 
52. Shale, calcareous, or limestone argillace-
ous, light )'ellowish in color.... 1270 
51. Limestone, hard, somewhat argillaceous, 
. brown and bluish gray ........ ... 12&t 
50. Limt>stone, white, compact, moderately 
hard, non·magnesian, with some darker 
gray in color and much shale in flakes.. 1290 
49. Shale, calcareous, or limestone argilIaceous, 
light green in color at 1300..... ... 13tO 
48. Shale, blue, free from grit, calcareous..... 30 1340 
OENTERVILLE WELL. 
TIlICKNESS. 
47. Lfmestone, argillaceous, or shale calcare-
ous, slightly arenaceous, buff in color... 10 
46. Limestone, magnesian, argillaceous at 1360 
45. Shale, blue at IJ80 ..................... _ 
44. Limestone, soft, bluish, non-magnesian, 
with some white chert and m u c h 
shale ...........................•..... _ 
43. Limestone, bard, light bluish gray. compact. 
fine-grained, non-magnesian, chertr ..••. 
42. Shale, blue, calcareous, briskly effervescing 
ill cold dilute Hel, not gritty but leav-
ing after treatment with acid a slight 
residue of flint flakes and angular quartz 
(microscopic} •............... """"" 
4J. Sandstone, of clear quartz, the sample is a 
fine powder containing also grains of 
light colored Ii~estone ................ . 
40. :Sandstone,lightgray, calciferous ....... .. 
39. Sandstone, buff, calciferous ..••.......... 
38. Sandstone, fine. white •.....•..••..•••..•• 
37. Sandstone, calciferous, with some frag-
ments of blue shale.................. . . 50 
36. Limestone, highly silicious, magnesian ... . 
35. Limestone as above. _ ................... . 
34. Limestone as above, samples from 1510... 60 
,33. Limestone, hard, compact, gray. subcrystal· 
line, slightly magnesian. with gray sand-
stone and much buffshale. _ ......... _ .. 
32. Limestone, light buff, magnesian, residue 
after solution of quartz and chert ....... . 
31. Limestone, light bulT, magnesian, residue 
cherty ..• _ ............................ . 
30. Limestone, light buO: magnesian, residue 
after solution composed of flakes or chert 
and some rounded grains of quarlz from 
1580 ..•••.. - ...•..................... 
29. Dolomite, magnesian, limestone, dark buff, 
cherty, and slightly arenaceous. samples 
from [610 ••••••••••••••••••••••••••••• 
28. Limestone, hard, rough, dark gray, highly 
siliceous ...••...••........•. _. _ ...... _. 
27. Limestone. magnesian or dolomite, buff, 
residue arenaceous and cherty, samples 
from 1650 ........................... .. 
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26. Limestone. magnesian or dolomite. light 
yellowish gray. large cherty residue... . .680 
2S_ Limestone, magnesian ..........•. _,... ..• . 16g0 
",. Limestone. magnesian, dark gmy, pyritfer-
ous, with much green shale and moder-
ately sort light bluish gray limestone, 
magn~siall ..•....... ", ..•. ..•....• ...• '110 
23. Limestone, magnesian, hard, butr, resi-
due of chert and rounded grains of 
quartz ......... _ ......•. _............. J720 
Shale, blue. solt. ..................• _ ... _ 1730 
Sandstone, ill dear quartzose grains, mod-
erately tine and rounded. with a little 
green shale from 1740.................. 1750 
S:mdstone. as abQve, white in color from 
1700 ..••..••.•.••.••••••••••. ; •.•.••.• 40 1770 
19_ Dolomite, in buff powder. containing sand 
which may be derived from above, from 
1780 •..•••••••••••.•••.•.•.•.. _........ 1820 
18. Dolomite, gray, from 1805.... ..•..•..•.• 1860 
17. Dolomite, light drab .••..•.•...••....••.. no lSSo 
16. Sandslont", very fine, white, with dolomite 
and a little cbert from 1B90 ...... _...... 1900 
15. Sandstone, grains rounded and angular, 
wilb considerable dolomite and chert, 
samplc:s from 19' 5 ......•.•.•....... , . • 1935 
14. Sandstone, Jigbt }'ellowisb·g18)', with much 
dolomite and chert, also much finely 
laminated green sbale. sample from 1945 1955 
13. Sandstone, as above, except that green 
shale is absent, sampte from 1965 ..... _. 105 1985 
Sandstone, fine particles, angular, ligbt yel-
lowish'gray, willI a slight admixture of 
white dolomite, a little green shale ..... 130 2060 
Sandstone, calciferous or dolomite, aren· 
aceous, buff, particles of quartz in drillings, 
angular......... .•..... .•. ...... ..•.•.. 2125 
Dolomite, gray, highly cherty, with Rakes 
of green shale...... ................... 2'40 
9. Dolomite, light gray, highly chert)".... ••. 2210 
8. Dolomite, with considerable fine angular 
quartz sand ..••..•.•••....•.....••...•• 2240 
;. Dolomite. cherty, light )'ello\\isb gray. sam-
ples from 2250 ................. :........ 212 2260 
CENTBHYILI.E WBI.I., 
TlflCKNE!;!;. 
6. Sandstone, calcareous or dolomite, aren· 
aceous, grains rounded, smooth and of 
moderate size, with chips of very hard, 
gray, bluish dolomite................ 68 2352 
5. Dolomite, gray, cherty samples from 2420, 2427 
4. Dolomite, light gray, subcrystalline, with 
milch green slaty shale... .. ........... 2435 
3. Dolomite, as above, with less shale. 2+10 
2. Dolomite, siliceous, light buff....... 2445 
I. Dolomite, gray, quartzirerous and cherty, 
samplesrrom 2465·········· 75 2495 
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The interpretation of this section is made difficult by 
the absence of fossils to mark any horizon and because of 
probable lithological changes in the southward extension 
of the geological formations. l~ortnnately the dl'illings 
below 500 feet nre exceptionally satisfactory in every 
respect. They are ample in quantity and were taken at 
such short intervals that no formation of any thickness 
could have been overlooked. 'rhe heavy shales above 1240 
feet with their thin beds of interbedded limestones prob-
ably represent the entire :Mississippian section and a por-
tion also of the Coal nfeasnres. 
The shales and argillaceous limestones from 1240 to 
1430 feet may be Devonian. Beneath these the Upper 
Silurian appears us a sandstone, Rl}d betweell 1480 feet 
and 1540 feet it merges into the arenaceous Trenton, the 
Maquoketa shales being apparently absent here as at 
Ottumwa. The basal' shale of the 'l'reuton (No. 22) 
immediately overlies the well-marked sandstone of the 
Saint Peter, Nos. 20 and 21, here 40 feet thick. The. 
upper part of the Oneota, subjacent, is also well defined in 
Nos. 17-19 and is 110 feet thick. The passage beds of 
this dolomite to a typical sandstone are seen in Nos. 
13 to 16, arenaceous dolomites, calciferous sandstones 
14G.Rep. 
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or interbedded sandstones and dolomites 105 reet thick. 
The typical sandrock itself appears as a purer sand-
stone in No, 12, thickness 130 feet. The lower Oneota, 
Nos. 1 to 11, consists of cherty dolomitic beds interstrati-
fled in places with arenaceous layers which at N D, 6 seem 
to attain considerable thickness. The thickness of this 
formation so rar as penetrated by· the drill is 370 feet. 
COMPOSITION AND ORIGIN OF 
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COMPOSITION AND ORIGIN OF IOWA CHALK. 
BY SAMUEL OALVIN. 
As noted in volume I of the reports of the present 
Survey, the Cretaceous strata of northwestern Iowa 
include 8 considerable body of chalk and soft shelly lime-
stone that hRS been varionsly known as the Niob,.a1'a of 
Meek and Hayden, the Oretaceo"s No.3 of the same 
anthors, 01' the Inoceramus beds of White. The chalky 
deposit composing the Niobrara beds possesses no small 
degree of economic value, and there is little douht that, 
in the not distant future, it will furnish the raw material 
for a number of important manufacturing industries. The 
peculiar characteristics of the beds refen-ed to are 8uch 
as to engage the attention of the most superficial observer. 
They are unique among the geological formations of the 
Northwest. Where typically exposed they are pure white, 
or yellowish wbite, in color; they are soft in texture, and 
they may be quarried in great blocks that are easily cut 
with B common 8nw into any required dimensions. Chalk-
rOck the common people of the region call the beds under 
consideration, but geologists have been somewhat chary 
about acknowledging that this soft, wbite,. calcareous 
material is in reality chalk. For example, Professor Dann, 
in the second edition of his Manual, speaks of the beds of 
sand, marl and loosely aggregated shell limestone in the 
213 
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Cretaceous strata of America, but he adds with intentional 
emphasis that" they include in North America no clwlk." 
In the third edition of the DIanual the statement is modi-
fied so as to read that" they include in North America no 
chalk, excepting in western Kansas, where, 350 miles west 
of Kansas City, a large bed exists." In the second edi-
tion of Le Conte's Elements of Geologg we are told that 
chalk occurs "nowhere except in Europe"; but in the 
third edition the existence of' chalk in America is recog-
nized in the statement that" recently good chalk composed 
of foraminiferal shells, and containing flints, has been 
found in Texas." In the Geological Stuclies of Dr. Alex-
ander Winchell the author, speaking of chalk, on page 6,1" 
says that "it does not occur in America," whil~ the same 
impression is repeated on page 433 in thc statement that 
the Cretaceous "produces no chalk in America." 
These references are made for the purpose of showing 
how, uutil recently, the leaders of geological thought have 
been impressed with the notion that the American Creta-
ceous furnishes no true chalk. N otwithstallding all this 
widespread and long prevalent impression respecting the 
absence of chalk in this country, chalk does exist, and in 
immense quantities. The area over which it is spread 
extends from Texas probahly to the Arctic ocean, and has 
a width reaching from western Iowa to the Rocky mount-
ains. Chalk, soft and white as that obtained from the cliffs 
of sonthern England and made up of calc are OilS skeletons 
of Foraminifera and Coccoliths without the admixture of 
mechanical sediments, has a thickness of at least twenty-
five feet along the Sioux river in Iowa (see plate viii); it is 
fifty feet thick at Ponca, Nebraska; a little further up the 
Missouri river, at Saint Helena, it stands in a vertical wall, 
above the Benton shales, with a thickness of ninety feet; 
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at Yankton, South Dakota, its thickness is 130 feet; and 
at the mouth of the Niobrara it attains a thickness of 
probably 200 feet. Near the mouth of the Sioux river 
some IJOrtions of the beds would be described as soft shelly 
limestone containing large numbers of Inoceramus pl"Ob-
lematicl(s Schlotheim, but at Saint Helena and points 
farther up the ~IiSSOU1'i the material is soft nncl neady 
homogeneous throughout, with no beds of Inoceramus, 
and with few mollusk shells of any kind except occasional 
slllull colonies of Ostrea congesta. 
As has long been known the chalk of Europe is a 
deposit of calcareous material that was laid down in a clear 
open sea remote from land. The sen bottom on which it 
was deposited was at least so situated as to be beyond 
the reach of mechanical sediments carried by agents of 
erosion. Furthermore the chalk is composed of the more 
or less broken and comminuted skeletons of the simple 
unorganized animals caned Foraminifera and of the still 
1110re minute limy structures that are probably parts of 
coralline plunts, and which are known as Coccoliths. 'l'he 
bulk of aU chalk indeed seems to be made up of Cocco-
liths, small disc-like bodies varying from 1-5000 to 1-2500 
of an inch in diameter. The shells of the Foraminifera, 
often quite crowded and unbroken, nre simply embedded 
in the fine chalky mud that is formed by the aggregation 
of foraminiferal debris together with thousands of mill-
ions of minute dust-like Coccoliths in each cubic inch of 
the deposit. Now our Iowa chalk resembles the English 
chalk in every essential particular. As to its present 
physical characteristics it is practically the same. It 
is white, soft enough to soil the fingers, mny be used for 
writing 011 the blackboard, and may be put to all the com-
mercial uses to which the clmlk of Europe is adapted. 
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As to composition, it is the same as European chalk, for 
it is mnde up of shens of Foraminifera imbedded in a 
matrix of imperfectly cemented Coccoliths. The Cocco-
liths cannot be distingnisllcd microscopically from those 
forming the large!' part of the chalk of England; and the 
Foraminifera are, in lllany cases, identical with the species 
found in the corresponding deposit on the other side of 
the Athmtic. Furthermore the American chalk along the 
Missouri and the Sioux rivers wns laid down on the bottom 
of a clear, open sea that received no gross sediments from 
contiguous shores. There is no reason in the world for 
refusing to recognize the deposit as true chalk. 
Considering the a~tjtude of geologists to our Ameri-
can chalk beds it may be interesting to note the successive 
steps whereby the foraminiferal origin and true chalky 
character of the depositR have finally come to be recog-
nized. As long ago as 18±1, Prof. J. W. Bailey 
l'eceh'"cd from a mission E!tation in the Northwest a sample 
of' what wus coIled "prairie chalk," and in a communica-
tion to the American ~Tournal of Science and Arts, volume 
41, Pl'. 400-101, he describes it as being full of the "ele-
gantly little." 'fhe "elegantly little" in this case are 
Foraminifera of which Professor Bailey gives fonr excel-
lent figures drawn to scale under the camera lucida. No 
names are given to any of the species, but figure 2 may 
now be recognized as the form described by.Ehrenberg a 
year or two later under' the name of Textularia. globulosa, 
a species common ])ot only in our American chalk but 
occurring also in great abundance in the chalk of England. 
Figure 4 is one of' the multitudinolls varieties that have 
recently been m'l'slUllled by Bmdy under the name of 
Globirterbw crefacea / figure 1 is a large Textularia, of the 
same species as 2, seen obliquely; while' 3 is either a 
EAUL\" UEl<'EHENOES TO AMERIOAX OnAI~]\' 217 
Discorbiua 01' a GlobifJcrina seen from the concave 01' 
umbilical side. 
In 18!3, Ehrenberg pubHshed at Berlin an important 
Jllemoij' on the flJxtent aurl II{flvence of 11IicJ'oscopic Life in 
South and :frortlt America. :Most of the work is devoted 
to diatoms and desmids, but n few pages are given to the 
discussion of Foraminifera: including forms from the 
Cretaceous chalks and marls along the :Missouri river. 
The identity of some of the species with forms from the 
European chalk is recognized, but other species, among 
which he describes Te:dulal'ia americana, in his opinion 
am not known elsewhere. An extended notice of Ehren-
berg's ~femoir, by Prof. J. lV. ~ailey, was published in 
1844 in the 46th volume of the American Journal oj Sd-
ence (fnd Arts. ...~ figure of what is supposed to be 
Te.dttlarin americana is given in a foot note, and copious 
extracts from the memoir are translated and incorporated 
in Professor Bailey's notice. In volume 48 of the Amel'i-
can Journal, published in 1845, we lwve It list of American 
localities known at that time to Professor Bailey as afford-
ing material containing 1:J""oraminifera. The Oretaceous 
beds along the illissouri are mentioned, and the remarkable 
abundance of foraminiferal shells which they aft'ord is 
noted. 
For a number of yeai's subsequent to 1845 little atten-
tion seems to have been paid to the composition of the 
chalk along the ~fiSSOUl'i river. Dr. F. Roemer's Kreide-
bih1tmgen 'Von Te.wls appeared ill 1852, with description and 
figures of Orbitulites iexana, a gigantic foraminifer that 
seems to have furnished material for the construction of 
beds of chalk in Hill's Fredericksburg division of the 
Lower Cretaceous; and in 1857 Conrad, in the Repo1't C!.f' 
the United States and l1fewican Boundw'Y Survey, volume 
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I, part II, desCL'ibes and figures an even lllrger form from 
the 1Vashita division of the same series, under the name 
of :J)rO(/osa1'ilt texaua. 
Between 1853 and 1861 Meek and Hayden worked out 
the succession of Cretaceous strata along the Missouri 
rh·er. N umerons papers were published uuder the joint 
authorship of the geologists named. The chalk of the 
Niobrara division is frequently mentioned, sometimes as 
"chalk marl" and sometimes as "ca1careous marl weath-
ering to a yellowish or whitish chalky appearance above." 
In their detailed section published in the Proceedings of 
the Academy of Natural Sciences, Philadelphia, Decem-
ber, 1861, the" calcarcpus mal'l" of l f1ormation number 3 
is said to contain" several species of Textularia." They 
seem careful to avoid calling the deposit chalk, though 
lithologically and micro-paleontologically its practical 
identity with that material must have forced itself upon 
their attention. In the first Annual Report of the United 
States Geological Survey of the Territories, by Dr. F. Y. 
Hayden, published in 1867, the author says concerning the 
Niobrara division that" Its principal character is a gray 
or light yellow chalky limestone; much of it so pure as 
to make a good chalk for commercial purposes." That the 
deposit is actually chalk is here for the first time rather 
hesitatingly acknowledged. 
III 1870, Dr. C. A. White, in the Geology of Iowa, vol-
ume I, page 29:1-, in discussing the Inoceramus beds, which 
represent in Iowa the Niobrara of ~Ieek and Hayden, tells 
us that among other fossils, "minute Foraminifera (prob-
ably Globulina ) are sometimes met with in great numbers." 
The Canadian Naturalist for 1874, volume YII, number 5, 
contains all article by Dr. G. lI. Dawson, entitled Note on 
the Occurrence oj F01"aminiJeta, CoccolitllS, etc., in tlie 
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Gl'etllceOlfS Rocks of 11Itmiloba. The rocks referred to in 
Dr. Dawson's paper nrc of the same age as the chalk heds 
ill Sac, W oo£1bul'Y and Sioux counties, Iowa, the sallle as 
the Niobrnru of Nebraska, Kansas and :-:';outh Dakota. 
In :iUanitoba the Niobrara beds seem to be harder and less 
like chalk than along the ~IissoUl'i un{1 the Sioux. Dr. 
Dawson takes pains to say concerning Lhe American Cre-
taceous, tbat "t.his formation contains no beds of true 
chalk." The greater part of the rock that furnished his 
specimens was composed of shells of InoceJ'amus pJ'oblem-
aficlls and Ostrea cimgesta; hut the" soft, whitish, earthy 
matrix" in which the shells were imbedded proved to be 
rich in Foraminifera, Coccoliths and allied organisms. 
Four figures of Foraminifera arc given and named respect-
ively Textularia. globulosa, T. pygmwa, Discorbina globll-
ZW'is and PlanorbuZiull llt'iminensis, 'rhe 'rextuIarians are 
probably modifications of onc species; the only form in 
Iowa chalk that can be identified with Dawson's figure 
named Discol'billa, has the inflated, spherical chambers 
characteristic of the types referred by Brady to Ulobi-
gel'iua. cl'ctacca, and the species referred to Plrtnol'lrulinn 
(ll'iminensis by Dawson is a very thin Truncatulina slightly 
concave on 011e side and convex on the other, altogether 
unlike the figures of Anomalina lll'iminensi.<) (P. al'imi-
Jlellsis) given by Brady. All 'the forllls are common in 
our Iowa chalk, and all but the last are characteristic 
of the chalk of Europe. After studying material from 
Nebraska as well as from }\Ianitoba, Dr. Dawson says: 
"The general facies of the foraminiferal fauna of these 
Cretaceous rocks of :Manitoba and Nebraska singularly 
resembles that of the ordinary English chalk. Both 
abound in Textularine and Hotaline forms of similar types, 
the most abundant in hoth being the form with globose 
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chambers, and each ha"ing its 1'8rer analogue, with cham-
bers flattened and more delicate." 
Dr. Dawson's pape .. is the first, so fnr ns I know, that 
recognizes Coccoliths 88 important agents in the formation 
of American chalk. Figures are given of a number of 
these inte .. esting st .. uctu .. es under a" amplification of 1,250 
diameters. The forms figured are very common in QUI' 
Iowa chnlk and cODstitute no small portion of its entire 
bulk. The Englisb chalk likewise contains many Cocco-
liths, some of which are indistinguishahle from the 
American species, but with these are 80me possessing 
characters unknown thus far in the Niohrara heds along the 
Missouri. The peculiar calcareous rod-like objects called 
Rhabdoliths are not uncommon in the chalk of Nebraska, 
Iowa and Manitoba, and, in the paper cited, Dr. Dawson 
gives a D;umber of figures showing quite a variety of forms. 
The amount of material contribut!,d by Rhabdoliths is 
inconspicuous when compared with tbat furnished by 
Coccoliths and Foraminifera. Rhahdolitbs were discov-
ered in 1872 in the recent ooze of the Adriatic, and Dr. 
Dawson's paper of 1874 contains the first announcement 
of the existence of these bodies in the fossil condition. 
P .. of. Robert T. Hill is p .. obably tbe first American 
writer who came out squarely and caned our American 
chalk by its real name, chalk. In the Annual Repo,.t of 
the Geological S",.vey of A"kanaas for 1888, volume II, 
Professor Hill writes on the Neozoic Geology of Soutl.-
1.vesiel'lr. Arkallsas. The entire volume, with the exception 
of two brief appendices, is devoted to the subject, and 
from beginning to end the author refe .. s to the soft cal-
c ... eous deposits of the Lower and Upper Cretaceous of 
Texas and Arkansas .s chalk. . Chapter XIV is especi.lly 
devoted to a discussion of the physical ch .... ete.·s of the 
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chalk in the southwesterll states and the conditions under 
which it wus deposited. frhc fact that Fornminifcl'a make 
np a large proportion of the deposit is noted time lIud 
again, and the genera .7'e.t'iulal'ia and fHnbiyel'iua are 
identified. 
In n Olu:ck List of lIu' Int'ertebl'llie Fossils from tlte 
Cretaceous Formation of ~['ex({s, n publication issued in 
1880 from the University of Tcxns - School of Gcology-
Professor Hill recognizes the fact that" the Cretaceons 
Rocks of Texas are mos_tly of foraminiferal origin 
including innumerable microscopic species." Only two, 
.1Yodos(ll'in iewana, Conrad, and Ol'lJiiulifes (Tino}Jorm.) 
ie.lxmus, Roemer*, are recorded; and they are both fouml 
. in the Lower Cretaceous, in formations oliler than the 
Niobrara beds that contain the chalk of Iowa. In the 
same yem', 1889, in Bulletin No.4 of the Geological SUf\'ey 
of 'l'exas, }Jrofessor Hill gives an .A unotaled 011 eel.: i./ist 
of the Cretaceous Inverteurate Fossils of 1h'Cas in which 
the Foraminifera mentione·d in the preceding list are Hoted, 
and Textularia and Globigerina are added as forms found 
ill the Upper Cretaceous. The Upper Cretaceous chalk 
of Texas is simply the southwestward extension of the 
chalk we find along the Sioux river in Iowa, and the Textu-
laria and Globigerina Iloteu by lim arc. doubtless specif-
ically identical with forms belonging to the same genera 
occurring in the Niobrara along tbe :Missouri and the 
Sioux. 
J;n the Amel"ican Geoloyist for September, 1889, Pro-
fessor lIill has a paper on The Formninifetul Origin oj 
'.Ii It is not clear why Professor Hill should regard this sl?ecies as belonging to 
the genus TinojJoms. The forms referred to TilloPOTIlS by Montfort, Carpenter, 
Brady and others are all lenticular or disc-like with radiating marginal points or 
spines at more or less regular intervals. 
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eel'tain Oretaceous Lilllediolles (Iud tlle Seqlumce of Sedi-
ments in tlte :~rOl'tll AmericanOJ'efaceolls. That the material 
of certain horizons ill the Cretaceous is chalk, and that it 
is composed in large part of the sbeHs of Foraminifera, 
are propositions repeatedly and clearly stated. 
Prof. S. W. Williston contributed a note on Ghalk 
fl'om the ]Yiobl'uJ'a. OJ'etaceOllS of 1[(UlS(lS, which was pub-
lished in the number of Sm'ellce issued October aI, 1890, 
Vol. XVI, page 249. The fact is noted that "Professor Pat-
rick, some years ago, stated that it, [the Niobrara chalk] 
contained 110 microscopic organisms, but, afterwards, ,vith 
the aid ofa very high power ohjective fonnd what he thought 
were organic remains. TJlis is all the more remarkable" 
says Professor Williston, "as the chalk appears to he wholly 
composed of organic forms, very readily visible under a 
comparatively low power (a one-fifth or one-sixth object-
ive and a C eye-piece)," The forms seen by Professor 
Williston are the minute Coccolitbs and Rhabdoliths 
noticed by Dr. Dawson in 1874, and at the time of writing 
the note under consideration, the comparatively large 
Foraminifera that may be seen witb a good pocket magni-
fier seem to have been ove,·looked. In the same volnme 
of Science, page 76, there is a note from Dr. George M. 
Dawson referring to the note of Professor Williston and 
expressing the opinion that tbe organisms found by Will-
iston are certainly the same as tbe Coccolitbs and Rhab-
doliths that Dawson had previously shown to OCCllr in the 
chalk of Manitoba and Nebraska. 
In a paper read before the Kansas Academy of Scienc<\ 
in December, 1890, Professor Williston returns to the 
subJect of the Struct",·. oj tile Kansas Ohalk. This time 
he recognizes in it the presence of Foraminifera and 
says: "The deposit seems wholly formed of Coccoliths, 
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Rhabdoliths and Fornminifern, with, perhaps, radioIariulls 
and sponges. r.rhe Coccoliths exist as complete, 01' broken 
oval, or circular bodies from 1-3500 to 1-4500 of an iuch 
in diameter with from one to six depressions, or nuclei; 
the Rhnbdoliths are slender spicules, rarely attached to a 
centrnl mass, or as rar~ly with a t.rumpet shaped extremity. 
In addition there are other, less slender rods, from 1-1000 
to 1-2000 of an inch in length, that may be radiolarian 
spicules. I have recognized at least a dozen forms of 
Foraminifera, tllC one most common and conspicuous very 
similar to, if not identical with a Textilariu [Textularia] 
of the English chalk. In view of the foregoing facts, it 
seems to be time that the assertions of some of onr lead-
ing text-books that there is no chalk in .A,-merica shoulcl 
be corrected." 
Between 1890 and 18D4 several papers were published 
in the Bulletin of the Geolo,qical Society oj America and 
elsewhere in which the deposit under discussion is recog-
nized physically as chalk and genetically as having been 
produced by Foraminifera and other microscopic organ-
isms. The latest, which relates, once morc to the'I'exas 
region and is by Professor Hil1, appears in the Bulletin of 
the Geological Society oj America, published in :March, 
18D"'. The subject of the paper is the Geolo.qy of Paris 
of Texas, Indian Territory and Arkansas adjacent to Red 
River. 'l'he paper discusses the general geology of the 
region considered; but on pages 319 and 320 the foramif-
eral origin of certain beds of altered chalk is noted, and 
the genera Rotalia and Textularia are recognized. 
The foregoing references, while incomplete as a biblio-
graphy relating to the physical characteristics and foram-
iniferal origin of American chalk, will yet help to make 
clear the successive steps whereby geologists have been 
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led from complete skepticism l'egardiug the presence of 
chalk on this side of the Atlantic to the cOllyiction thnt 
the Niobrara beds along the Sioux and the :MisSOlll'i rivers, 
m'e, in all the particulars relliting to physical strncture, 
composition ami origin, identical wi~h the chalk of Europe. 
Achantngc has been taken of the f:wiIitics nft'orded by 
the gcologicnl Juboratories of the State Unh'el'sity to 
iuvestigutc fillew, and more thoroughly than seems to have 
been done before, the composition of the Niobrara chalk. 
In thin sections under the microscope the unbroken shells 
of Foraminifera are very conspicuous. They lie in close 
proximity to each other, and their inflated chambers, filled 
with crystuls of calcile, sometimes occupy more than one~' 
third the area of the entire field. It is certain that more 
than one~fourt11, and in some instances more than one~ 
thiro, of the volume of the chalk is composed of foramin-
iferal shells still prncticnlly entire. The matrix in which 
the shells nre imbedded is made up of a variety of objects, 
the most numerous, and the most conspicuous nnder 
propel' amplification, being the circular or elliptical cal~ 
Cal'eous disks known as Coccoliths. The small rod-like 
bodies to which the llume Rhabdolitbs has been applied 
are not very common, although their presence is easily 
detected with a moderately high power objective. Mingled 
with Coccoliths and Rhabdoliths are numerous fragments 
that are evidently the debris resulting from comminution 
of foraminifeml shells. When the chalk is treated with 
acid there remains a sman amount of insoluble matter 
consisting of clay, fine gr3ins of quartz sand, minute 
pebbles not exceeding five millimeters in diameter, and a 
very few internal casts 'of the chambers of Foraminifera. 
Nearly all the foraminiferal shells have the chambers filled 
with calcite; a few have these cavities stilI empty or filled 
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simply with ail'; but in a smallnumbcl' of cascs the cham-
bet'S were fille<l with nn opnque, insoluble minernl, prob-
ably silica deeply stained with iron oxide, that remains as 
perfect int.cl'ual casts after the shell has beet.l dissolved in 
acid. The amount and composition of the residuum vlll'ies 
with the purity of the chnlk, In some snmples it senrcely" 
exceeds one per cent; in athol's it is equal to ten per 
cent. 
In ull the chalk examined the Foruminifcm nre very 
numerous. 1\la11Y are large, vigorous looking specimens 
of the types to which they belong, and an 11n11snol number 
of the shells remain perfcct. They nrc easily scparutcd 
from the finer particles constituting the mntrix by gently 
grinding the chalk with the finger ill n. shallow dish, using 
wntel' enough to cover the material operated upon, and 
pouring oft' and renewing the water as long as it shows 
finy trnces of milkiness. The particular genera und 
species that will be found after the washing process is 
completed will depend somewhat upon the 10caHty from 
which the matcri.lwns deriyed, It is probnble that the 
species dift'el" nt dift'erent leyels ill the formntion, but the 
collections in the field were not made with a view to 
determining that fact, III a sample from the grent blnt!' 
at Saint Helena, Nebraska, large forms of 'l'extuIRrin m'c 
most common. The cham bel's are inflated Rnd spherical, 
amI the shell widens rapidly toward the larger end as 
illustratecl in fig~re8 5 and 6, plate xix. This is the 
Textulw';a yloblllos(t Ehrenberg, and, as has been already 
noted, it is one of the most common forms at Cel'tuill hori-
zons in the chalk of Europe. 
A more slender form of TextuluriR, figure 7, plate xix, 
is often associated with T. gla/lllloRa, In some beds it is 
the prevailing type. Fignre 7 iIInstrntes an unusually 
15 G.lIep. 
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large individual of this species. As [\ rule, however, it is 
not only more slender than the other, but is shorter and 
every way smaller, and it is doubtless the form figured 
undel' the name of !Pe.'t'tulliria pyumwn in Daw~on's paller 
already cited, contribute(l to the (Janadicm l!raiumlist in 
1874. The two forms grade into each other perfectly 
when a large numb~r of individuals is examined, and 
there is little doubt that they are simply variations of a 
single species. I haye seen nothing in an the thousands 
of specimens examined corresponding to Bailey'S figure of 
:L'e.'t'i'uZaria ameri('wm as given in 1844 in the American 
Journal, volume 46. In 'some respects the internal 
casts left after dissolving the slleH in acid resemble the 
figure in question, but the resemblance is not sufficiently 
close to render the hypothesis that it had been made from 
such a Cllst at all plausible. 
T('{I"tularia globulosa attains its largest size and most 
perfect form at some distance above the mouth of the 
Sioux river - from Saint James or Saint Helena, Nebraska, 
westward. '.rhe shore Une of the Niobrara sea in which 
the Foraminifera that make up so large a proportion of 
the chalk flourished and died, extended northeasterly from 
near thc southwest corncr of Iowa. From that old shore 
line the sea spread away westward to beyond the Rocky 
mountains; and the sites now occupied by Yallkton, South 
Dakota, and Suint Helena, Nebraska, wcre many miles 
from shore and covered by moderately deep clear water 
unpolluted by detritus washed in from the land. In such 
pure, clear sea-water Te:.t'lularia globulo:;a found the con-
ditions exceedingly favorable. As, however, the shore 
was approached the conditions became more and morc 
adverse, for the chalk from Sioux Oity, Hawarden, Auburn 
and other points east of the Sioux, contains specimens of 
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Textularia that on the avemge do not attain much more 
than half the size reached by the individuals from Saint 
Helena. In other words the smallest forms of Tea·tuillrill 
J'!I!lIIIWII pl'evnil. Furthermore the specimens fl'om the 
locolities named are often very irregular in their mode of 
growth, so that they were not only apparently starved and 
stunted, but they were very frequently deformed, hy the 
unfavorable environment prevailing in regions nearer and 
nearer the shore. The most easteJ'iy point at which chalk 
used in the present investigation was collected was near 
Anburn, in Sac county, and here the Textularians are all 
of the ill fe,I pygmroan type; but at Sioux City, which is 
one of the intermediate points between Auburn and Saiut 
Helena, the diminutive forms, while very numerous, have 
mingled with them a few conspicuously large individuals 
recalling those from the great chalk cliffs farther up the 
Missouri. There is one very marked difference however, 
scarcely any of the large specimens are symmetrical. 
Like the smaller individuals of the same region they are 
more or less distorted. 'Vh&t is more tile later formed 
chambers of the larger specimens often depart from the 
biserial type and may be arranged in a single series, or, as 
more frequently happens, in three, four} or even five ser-
ies, or, they may even be heaped together irregularly with-
out any recognizable order. 
The depauperating effects of the nnfavorable environ-
ment seem to have acted in three ways; first, to retard 
gro,!th; second, to cause deformity by unsymmetlical 
growth even when the biserial arrangement is maintained; 
third, to destroy the biserial arrangement of the later 
formed chambers among the more vigorous individuals 
and produce the irregular heaping together of the cell. 
that is sometimes expressed by the term acervuline. It 
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may be with safety assumed that the f11extularians of the 
region, with their endless variations as to size (lnd pro-
portions, including departures from symmetry and biscl'i-
ality, are al1 varieties of one species which for the present 
we may call Te;t'iulal'ia !Jlo{mlO!Ul Ehrenberg. 
,Vhile Textularia seems to have flourished best in the 
deeper und purer wuters remote from 811Ol'e, the reverse is 
true of the forIns i1lustl'ated in figUl'es 1,2,3 and 4 of plate 
xix. These shells haye been variously refcrl'ecl to species 
of the genera Botalia, Rotulilla, Planulina amI Discorbina, 
but the spherical form of the chambers, the thin walls, 
large foramina and other characteristics would exclude 
them from either of the genera named. The revised defi-
nition of Globigel'ina, as given by Brady in his Report on 
the Foraminifera dredged by the Challenger, extends the 
gemls sufficiently to include the forms under considera-
tion, and it is probable agaiu that they are modifications 
of a single species, the Glooigel'iu({ cl'efacea. l!"1igul'e a 
represents some forms that occur rather sparingly in the 
clml-!r of Nebraska. In their general aspect they resemble 
(-;[ohigel'ina digitata Bmdy. The earlier formed cham-
bel'S arc in all J'espects "like those of figUl'es 1 and 2, but 
BOUle of the later chambers are very much elOIlgatcd. 
rrhe form of the abnormal chambers varies greatly; they 
stand sometimes in one plane Ilnd sometimes in another, 
and I have regarded them simply as accidental variations 
in the telminal cells of the species illnstrnted in :figures 1 
and 2. Rl'arly's specimens of G. di!Jitata came from 
bottom dl'cdgings. The species was neyer taken with 
the tow net at the surface. It is probable that in each 
case the abnormal chambers were added to the sheH after 
the organism settled to the bottom, and their abnormality, 
I take it, may be due to the fact that upon the bottom the 
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restrictions to normal growth were very much greater than 
those affecting "the animal when floating near the surface. 
1Ye have seen in the deformed and otherwise abnormal 
Textularian. that the simple protoplasm making up the 
bodies of Foraminifera responds to changes of enyiron-
ment in such a way as to affect profoundly the form and 
proportions of the shell, and it is at least conceiyuble that, 
in the crowded condition of the organisms resting upon 
the bottom, some of the Globigerine forms, accustomed 
in early life to IJerfect" freedom from contact with other 
shells, were so unfavorably situated as seriously to intel'-
fere with normal symmetrical growth. It is an interesting 
fact that the deformed specimens of Globigerina are asso-
ciated with the vigorous, symmetrical types of Textularia. 
Nearer the shores, in the material laid down at Sioux City, 
Hawarden, Auburn and elsewhere east of what is now the 
Iowa boundary, the Globigerinc types of Foraminifera 
flourished in greater profusion than farther west; and 
distortion or deformity, when it occurred at aU, affected 
only tIle regularity of the slJil'al without interfering with 
the globular form of the several chambers. 
In the deposits about Saint Helena and Yankton, which 
",el'e persnmnbly laid down in deeper and clearer water 
than were the deposits farther east, Tt,tmcatnlina, figul'e 
10, and Bulimina, figure 8, ore not uncommon, w\l)le in 
the eastern localities they seem to be entirely absent, 
Occnrring more rarely than the preceding, but apparently 
confined exclnsively to the exposures in South Dakota 
al~d N eb1'8ska, we find Cl'istellaria, figure 9, Fl'ondicularia, 
figure 14, and the N odosarian forms, figures 11, 12 and 13. 
On the other haud the shallower sea, that during the Nio-
brara stage coycrcd the region we now call Sac county, 
Iowa, contained a number of species not found in the 
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westerll localities. Fot' example there were Glohigerinm 
with a few large chnmbcl's like G. bulloides. There were 
also hyaline Foraminifera with smaH clmmbers vcry irreg-
ularly arranged and resembling some of the accJ'\'uline 
species of' Plnnorbulinn. This genus, ns now restricted! 
has not been reported from stratn older thnn the middle 01' 
later Tertinl',Y and hence its presence in Cretaceous depos-
its in Iowa is so.mewhnt improbable; and, furthermore, 
before deciding the generic relations of the forms in ques-
tion it is well to bear in mind the possihility of monstrosi-
ties of onc genus assnming a snperficial resemblance to 
some other. Then again that shallowel' sea, as is well 
illustrated in slides made from chalk from near Auburn, 
in Sac county, contained a number of Lituoline forms 
resembling Reophax, in which the sheUs are composed of 
small particles of sand 01' of other minute objects cemented 
together. 
The causes affecting thc distribution of species in the 
different localities mentioned in this paper will be bettel' 
understood after a consideration of the physical condi-
tions under which the chalk was deposited. The Nio-
brara beds, whether made up of sheHs of Inoceramus or of' 
Foraminifera, are a part of the Cretaceous series of the 
northwest. The series, above and below the mouth of 
the Sioux riYer, begins with the Dakota sandstone, a 
deposit weH 'seen in the lower part of the bluffs at Sioux 
City. When the Dakota sandstone was accumulating the 
region about Sioux City was coyered with slmllow brack-
ish waLeI'. The sand composing the deposit was carried 
into the sea from land that WHS not yery far away, prob-
ably only u few miles to the eastward. The sea bottom 
was not stl1tionary, but was slowly subsiding, the rate of 
subsidence being grenter, however, tltan the rate at which 
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the sandstone accumulatcd. As a result of the subsilIcllce 
the sea became deeper over any gil'en urea, as for example 
Si01L,,{ City; it also for the same reason encroached gradu-
ally Up011 the loud, and the shore line became marc and 
more remote. 'Vith increasing depth of sen anel increas-
ing distance of the shore the conrser sand faHed 
to reach Si01U: City. Only the finer mechanical sediments 
werc carried so fur seaward, and then the second memher 
of the Cretaceous, the Benton shales, was gradually built 
up. The subsidence continued, even after the Henton 
stage came to an end. The waters deepened still more 
over the site of Sioux City. The bottom was 110 longer 
aft'ceted by waves and currents, amI the shore line, now 
east of tile middle of the state, was so remote that practi-
cally no detritus from the land found its way to the area 
we are considering. Indeed it is I)Ossible that the contin-
ued subsidence had caused all the contiguous land arcas 
to stand so low with reference to the sea that erosion was 
reduced almost to zero, and the whole area draining into 
this part of the Niobrara basin was reduced to the base 
leyel of erosion. Whatever the explanation, neither sand 
nor clay was deposited in any appreciable amount as fnr 
west as Yankton and Saint Helena; ,'ery Httle indeed as 
far west as Sioux City. Even in the localities east of 
Sioux City where Niobrat'a beds now occnr, the amount of 
sediment derived from the land was so small as to be 
scarcely worth consideling. Now it lvas in this clem', 
quiet sen tbat the Niobrara chalk was slowly deposited. 
Upon the bottom of tbis sea there flourished tbe Textu-
larians and nearly all the other types of Foraminifera to 
which reference is made in the preceding pages. FJoating 
in the same sea were the Globigerine forms already noted. 
It is only the younger individuals, howevel', of the 
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G-IobigerillR! thnt are ahle to float. For as the shells, with 
age, increase in size and thickness the animals sink to the 
bottom nnll their minute tests become mingJell with those of 
other species that spend their entire life in that situation. 
Bither floating ill the water or resting npon the bottoill 
werc the peculiar coralline plants of which the bodies 
called respectively Coccoliths and Rhabdoliths were con-
stituent parts. All these organisms, the microscopic 
p1ants and animals alike~ secrete carbonate of lime, and it 
was the dead skeletons of successive generations of such 
organisms, accumulating under the conditions descrihed, 
that made up the entire bulk of our American chalk. The 
units used iu the construction of the Niobrara beds were, 
in tIle majority of cases excceding]y small; but their 
numbers werc inconceivably great, and this fact coupled 
with the time during which the conditions lasted, was 
sufficient to pile up chalk OVCI" the whole area from Iowa 
to the Rocky mountains, and from Texas to the Arctic 
sea, to an avcl':1ge thickness of not less tlum two hundrcd 
feet. 
'1'11e subsidence that began with the deposition of the 
Dakota sandstone reached its maximum near the close of 
the Niobrara. 'llhen the opposite moycment began and 
the sea gradually i'et"eated towarll the west. As the Janll 
became more and more e1evated erosive agents became 
marc und more effective. 1tfechanical sediments were car-
ried by t.he drainage waters; and the conditions favorable 
to the growth and multiplication of the hosts of minute 
lime-sccreting organisms that crowded the waters during 
the ~ iobl'3I"a stage cume to an end as the mud which 
fOl'lIIed the shaJes of the Pierre group settlell down alHl 
smothered out that whole array of microscopic life to 
which the chalk owes its origin. It was about the time 
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that the subsillcuce l'eachell its maximulIl that the chalk 
was deposited neal' AubUl'll, in Sac county, Iowa, and it wus 
about the samo time that the typical beds at Yankton and 
Saint HelelH\ were built up. 'rhe dift'cl'cnces already 
noticed between the 'J.1extnlurians at Saint: Helena Ilnd 
those atSioux City amI Auburn are in SOllle way connected 
with the facts that while the region about Saint Helena 
·was covered with clear and l'elath'cly deep water, the 
waters covering the regions farther east ·werc shallower 
und the bottom received the small amonnt of ~edilllcnt 
which the sluggish, nenrI,)' buse-Icyeled streums of the 
perioll carl'jcll into the sea. No one !JaIl tell how such 
slight difl'erences of envirollme1lt would react on the living 
matter of 'restulal'ia, but that they did affect it profou1Hlly 
becomes obvious upon comparing the shells of the beauti-
ful, symmetrical, thrifty-looking SlJt!cilllens from Suiut 
Helena with those of the sturvcd, impoverished, deforIlled 
specimells from Sioux City and A UbUl'll. 
In the case of tIle Globigerine forms that during most 
of their lives flout ncar tht: surface, the c01Hlition of the 
bottom ,''us not u mutter of so much moment. 1.'he water 
at the surface was doubtless deur enough, fOJ" even the 
small amount of sediment carried into the region mnst 
have been limited to the lower strata ~f the water. S ('ar 
the surface, too, food was even more abundant than itlYUS 
at the sume depth further west, and thus it happened thnt 
Hear the shore the Globigerium flourished, and their full-
grown shells bearing every indication of life nudel· most 
favorable conditions settled down among the unhealthy and 
depaupernte(l Textulal'i3J1S to whieh life ha(l been a per-
petual struggle with adverso ~urrollndings. The shallow--
water chalk is composed of large numbers of shells of 
"igol'ons G-Iobigel'inm mingled with many small and 
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deformed shells of TextulariIT', while the deeper-water 
chalk abounds in robust, normal Textularire with rela-
tively few Globigel'inre. Among the Globigcrine shells 
of the deeper water are a few rather remarkable mon-
strosities. 
A few samples of Eng1isl1 chalk have been investigated 
for the pUl'IJOse of comparison with om' Iowa product; but 
the opportunities for getting typical specimens have not 
been very favorable und the results are not -satisfactory. 
The English chalk affords Textularia, rather smaller on 
the whole than our more vigorous examples of T. y1olm-
101$(1, but evidently of the SRme species. I recognize also 
a Bulimina, but it is specifically distinct ii'om ours. 
Truncatulina somewhat different from tIle species in the 
Iowa chalk is present and is on the whole the most abun-
dunt form in all the specimens of foreign chalk I have 
been able to get. N oclosal'ia and J:!'rondicnlaria are pres-
ent, but the species are slightly tlifl'erent from those found 
on the Missouri. I Ilaye been led to believe that the 
specimens examined are not fair examples of the a vcrage 
chalk of Emope for the reason that they arc all singularly 
pOOl" in perfect shells of Foraminifera. l?rom a gram, for 
example, of Iowa chalk we would get probably fifty times 
as many perfect Foraminifera as from 1m equal alllount of 
the ·white clift' chalk of England, so far as examples have 
come into my possession. The Coccoliths are prncticaJIy 
the same in the two cases compared. There arc some 
types in BJlglish chalk, as already noted, that I haye not 
secn in om'B, but they are not \'ery common. i\Iinute 
angular pieces, apparently of Foraminiferal sheUs, are 
mo1'C plentiful in the English chalk than in that of Iowa. 
]~ut it is not claimed that the comparisons I have heen 
able to make are at aU satisfactory, and final conclusions 
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must be deferred until n Sl1t1iciellt number of' specimens 
of the .English chalk to give fair average results have 
been examined. Enough, however, mny be determined 
from the comparisons already made to prove that the two 
deposits considered are fundamentally the same in compo-
sition and origin. The water in which the English chalk 
was deposit·ed was pl'oba bly deeper than the Xiobrara sea 
between the present site of Yankton and its eastern shoro 
somewhere neal' the middle of Iowa. Differences in depth 
determine to some extent the species inhabiting the sea 
bottom; and the amount of mechanical sediments accum-
ulating in any given ,'egion will nlso, as a general rule, 
heal' some relation to the depth of the water. 
It is interesting to know that while Textulurian 11ml 
Glohigerine Foraminifera werc revelling in clear, quiet 
seas in the longitude of the first. meridian, and contrib-
uting their dead shells to form the chalk of' Em'ope, almost 
exactly similar conditions existed more than a quarter of 
the way arollnd the globe; and in another clear sea with 
low flat shores, the same 01' very similar species of For-
aminifera were contributing material to forl11 the chalk 
beds of Iowa. 
DESCRIPTION Olt~ PJ~~\'l'E XIX. 
(All figures magnified 100 diameters.) 
I. Clohigerillu erdaeea, with right spiral, seen from convex side. 
2. Clobigerilla erdarca, with reversed spiral, from convex side. 
3. Form resembling C. digifala, from concave or umbilical side. 
4. Clobigerilla ere/aua, concave side. 
5. Texlularia globulosa, average form. 
6. Similar, more rapidly expanding form, Saint Helena. 
7. Very large individual of the less robust type, figured by Dr. Dawson as T. 
jJgym(l"Q. 
S. Blllimj,lU, a form common at Saint Helena. 
9. Crislellariu, rare at Saint Helena. 
Trill/call/filla, common at Saint Helena and Yanklon. 
II, 12, 13. Nodosarian forms, undetennined, from Saint Helena. 
14, Frolldic/{lan'a, fragment of a vel)' large and very beautirul specimen from 
Saint Helena, 
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NOTE.-While it is true, as slaled on page 220, that Professor Hill was the 
first American writer broadly and ptrsistentiy to affirm the existence of chalk 
beds on a large scale and cQ\·ering wide areas in North America, it is jUstice to 
say that the chalky chamcter of certain portions of the Niobrara beds had been 
pointed out a nnmber of times by previous writers. For example. in 1S63 Pro-
fessor Jules Marcou had noted the existence of chalk in the Cretaceous deposits 
around Sioux City and in the adjacent parts of Nebraska. He communicated 
the fact to the scientific world in papers read before the Geological Society of 
France. Referring to thest:: papers in the American Geologist, volume IV, page 
366, Professor Marcou says respecting one of them: "I took the precaution to 
carry with me pieces of rough chalk taken from near Siollx City. nnd I drew on 
the blackboard with them the three sections which accompany the paper, and at 
the em! I said, writing with thllt chalk, 'Craie d' Amerique,' that in order to 
prove the constancy of lithological characters on vast surfaces of the earth, 1 had 
used only American white chalk that evening for ~y communication before the 
Geological Society of France." 
Another writer, Mr. D. C. Collier, in the American Journal of Science for 
May, 1866, describes beds of chalk occurring 350 miles west of Leavenworth. 
The following language leaves no doubt as to how Mr. Collier regarded the 
deposit: "On one occasion, in company with a companion, I was able to climb 
to the top of a bluff of pure chalk, so soft that I could cut and carve it wilh the 
knife I carried in my belt, and so fine that it covered my clothes as thoroughly 
as when in my college days a classmate wiped the blackboard with my back." 
There are other references equally as pointed, but a complete bibliography 
of the subject, J take occasion to repeat, is aside from the purpose of the paper. 
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BURIED RIVER CHANNELS IN SOUTH-
EASTERN IOWA. 
C. H. GORDON. 

BURIED RIVER CHANNELS IN SOUTHEASTERN IOWA. 
BY C. H. GORDON. 
Reference was made long ngo* to the great development 
of glacial material along the west bank of the Mississippi 
river in the vicinity of Fort Madison. The existence of nn 
old valley in that vicinity was, however, first made known 
by Major G. K. Warren, in 187S.t Although the conclu-
sions nITived at were based entirely upon observations 
made at the surface, they have been confirmed in all esscn-
tial points by later investigations. At that time 110 data 
bearing npon the depth of the channel were available. 
In 1890, without knowing of Warren's work, the author 
reported the existence of' an ancient course of the Missis-
sippi between Montrose and the Des Moines river.! A 
map corresponding in all essential respects with that of 
Warren's accompanied the announcement, and additional 
details were given bearing upon the depth of the channel. 
Recent investigations have not only confil'med pl'evious 
conclusions, but added much to the knowledge of the 
change of drainage here recorded. 
S!ratigl'lIpl'y.-The indurated rocks exposed in Lee 
county belong, chiefly to the Lower Carboniferous series. 
'ZGeology Iowa, Vol. I, p. 187. 18s8. 
tBridging of the Mississippi, Annmll Report Chief Engineers for 1878. Appeno 
dixX, P.3. 
tPaper read before the Geological Society or Chicago. Not yet pub1ished. 
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'rhey firC', howo,'el', o\'erlilill ill places by marc or less 
extended outliers of tIm Coal ~IellsUl'e fOi'malion. In the 
inton'al comprised between the deposition of the Lower 
. Coal Measures und thc beginning of the Ice Age, this 
region must have been abO\'e sea level 1'01' a long pel'iod of 
time, as shown by the extensive denudation and chauR 
nelling which t.he rock slIl'fncc has slIffel'Cd. 'rhe evidence 
appears conclusive that the Coni ~Iensnl'es, and possibly 
Intcl' format.ions, Ol'iginally extended oYcr the whole of 
the area, but of these there now l'cmaills only the sillall 
dehlChed al'eas of the formel', presc1'Yed by some fortunate 
circnmstances of position or structure. The general f'Ul'-
face of the indUl'uted rocks, irrespective of tlw channels, 
though corresponding in the main with the land surface, 
is much morc irregular. At Keokuk it has an eleyation 
of' 610 feet. It rises toward the north, ilttaining fill alti-
tude (Jf 625 feet at Nashyille, GW feet at Donnellson, and 
about (ii5 in the yicinity of Saint Punl. Upon this uneycn 
surface drift has been spread ill sufficient amount to fill the 
depressions and raise the sUl'face forty to sixty feet aboye 
the highest rock lc\'e1. Thc result has hecn a gently sloping 
pia ill, dissected more 01' less by subsequent drainage. 
TIJPQ!ll'aplty.-\" est of East -Sngar creek the plateau 
slopes to the southeast, descending from about 700 Ill, 
Donnellson to 656 feet at Keokuk. I]'he avel'age slope is 
thus about two feet pel' mile. 'rhe p1ateau has been 
reduced on the west by dl'uinage leading into West Sugar 
creek, while its eastern margin has been cut away in part 
to form the Viele terrace plain. The divide which se}Jal'-
ates the two drainage systems is marked on the map by 
the line of the Keokuk &; Northwestern railroad between 
Mooul' and I.-a Cl'ew. The profile of this 1'otH1 gives the 
following elevations; 
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Donnellson ........................................... 6g6 
Charleston.. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 6g.J, 
New Boston .......................................... 689 
"'Jounl Clara .......................................... 679 
Summitville .. ........................................ 6]0 
Keokuk (level of plaleau) ... ' ..................... ... 656 
'1'ho summit of the divide west of Montrose lies just at 
the top of the blufi's which form the eastern border of the 
plateau. A compal'Rtively broad and (leep trough leads 
from the bend of Little Cedar creek, southwest of Salem, 
to the :Mississippi, at ·V'iele.* 
This valley, which has been traced a considerable (lis-
tauce beyou{l the limits of Lee county, is chiefly, if not 
entil'Cly, confined to the drift, and hence has its origin at 
least subsequent to tbe withdraw.l of the first ice sheet. 
The newer channel of East Sugar creek lies within the 
older one. In places this stream fiows above or upon the 
fioor of the older valley, while in other points it has cut 
twenty-five feet to forty feet iuto the underlying Saint 
Lonis limestone. lIost of the old bottom is floored with 
rock at a slight depth, but at several places drift intervenes. 
Six miles directly west of Fort Madison (Tp. 68 N., R. V. 
1\T., See. 32, 1\T. ! ) there is II remnllnt of the old vaHey 
bottom in the form of a ridge fifty feet high, and compo"ed 
of boulders, chiefly of limestone, more or less flrmly 
cemented together. The top of this ridge hilS an elention 
of about 600 feet, while .t the bend of Little Cednr the 
old v.lIey lies about 660 reet ahove sea level. 'I'his shows 
the comparatively rapid fan of sixty feet in • distance of 
ahout fifteen miles. 
East of this oM vaHey the platean has a gre.ter eleva-
tion than tow3r{ls the west, and ulong the crest of the 
.. Acknowledgement is due Mr. Frank Leverett, who has freely contributed 
notes and suggestions. 
mG.Uep. 
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di\'ide between East Sugar creek and Skunk river is a 
group of low irregularly distributed mounds marking the 
location of n moraine. 'Vest Point, which is somewhat 
above the general plateau lev e), has an elevation of 762 feet, 
while.t its border .boye Fort }Iadison the plain lies about 
700 feet above sea level. 
South of Skunk riYer for a distance of two miles the 
bluft·s on the west side of the present valley coincide with 
the limits of the old chanoel. They then gradually 
approach the I'ivcr, which washes their bilse just above 
Fort Madison. The tl'iangular area of bottom lands tbns 
set off occupies nearly the wbole of Green Bay township. 
Towards tbe river it is low and abounds in sloughs. It 
rises gradually towards the west in a sel'jes of sand ter-
races to a height of about sixty feet at its western border . 
. The terrace on which the station at 'V ever is situated is 
forty feet above low water at Fort Madison. Below the 
latter place the bluffs again recede fro~ the river, leaving 
another telTRce plain of crescentic outline cut off below 
by the approach of the bluffs on the river bank at Mon-
trose. Viele station, which is situated near the outermost 
border of this plain, has an elevation of thirty-three feet 
above low water at Montrose. In this portion of its course 
the river flows upon drift, and is characterized by sandbars 
and sloughs. It has a fall of two feet only for a dis-
tance of nine miles. From Montrose to Keokuk it is con-
fined within a narrow, rockbound valley with precipitous 
slopes, and flolVs over a rocky floor. The river has a fan 
of twenty-three feet between these places, 01' a little more 
than two feet per mile. This part of the course is known 
as the lower, or Des Moines, rapids, Soutl, of the Des 
Moines river, the Mississippi occupies a uniformly broad, 
anuvial valley. 
YJo:LI.O\\, BAN!iS SECTION. 
At Sand Pmirie, u sand plain· similul' to the Viele 
tel'l'Uce plain illtCI'\'CllCS bctween the riYer and the bluft's on 
the left, and another but smaller one occupies most of' sec-
tions 29, 30, 31 and 32 ('1'1'. 65 N., H. V. 'V.l. Between 
thcse the riYer flows nt the base of' the bluff's which in sec-
tion 30 Crp. 65 N., R. Y. 1,V.) arc especially prominent Hnd 
are called the" Y ello", Banks." Aboye Sand Prairic the 
river valley is comparatively narrow and bounded by morc 
or less precipitous rock escllrpments. From Farmington 
to its confluence with the l\Iississippi the l'h'er has :l fall 
of about two feet per mile. 
At "Yellow Bunks" the bluil:' rises about ninety fect 
above the adjoining- bottom lands. rrhe following section 
waS obtained here: 
Y"ellow Banks Section. 
S .. Clay, yellow, pebbleJess .... .. 
7. Silt, drab, pebblelcss ............ .. 
6. Earth. black, with a few small pebbles j ap-
parently an old flood plain deposit.. ...... 
S. Clay, yellowish (local) ..... . 
4. Sand, with a few small pebbles; layer of 
boulders one foot thick as base... ..20 to 25 
J. Earth, black, with yellow streaks; appar-
entlyold filOd plain depo!>it. ...•.. 5 to 6 
2. Gravel, with some sands j pebbles two 
inches or less in diameter .......... . 
I.. Clay, blue till (exposed to level of railway) 15 
About a mile west of this locality at the mouth of West 
t:iugar creek the top of the blue till is about on a level 
with the railroad track. The sand and gravel above is 
considerably indurated and a distinct plane of junction 
between the sand and the clay evidently represents an 
erosive surfacc. The section at Yellow Banks with the 
exception of number 2 I'cpl'e~;ents alhl\'iul deposits and the 
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blufl' tlte extremity of a terrace plain. N ortltward 
from the "Yellow Banks" this plain occupies sec-
tions 18 and 19 with portions of adjoining sections cast of 
tlte creek. 'West of the stream it occupies the interval 
between the creek and the river northward to Melrose 
cbapel. On the nortb and east this plain is bounde,l by a 
low bluff rising twenty-five or thirty feet to the general 
plain level. This ter\'8ce plain has suffered a slight reduc-
tion towards tbe river. It bas not been traced above Mel-
rose cbapel, but a well defined terrace probably to be 
correlated witb tbis appears at intervals along the Des 
Moines. At Keosauqua a series of terr8ces extends up to 
a heigbt of 135 feet above the river. 
OLD lIISSISSIPl'I OHANNEL. 
Location.-The limits of 311 ancient vaUey which was 
once occupied by the Mississippi river are indicated 
approximately upon tbe accompanying sketcb map (fig-
ure 5). Between the moutb of Skunk river and Montrose 
the present valley lies witbin tbe older one and adjacent 
to its eastern margin. Also below the mouth of the Des 
~.foines river ten miles distant the present valley represents 
a revival in part of the earlier channel. Between 1\'Iont-
rose and the mouth of the Des Moines river, however, the 
river :flows in a rockbound gorge which runs from four to 
five miles east of that of its former course. 
Limits rif tll. aha""e~-No rock exposures appeal' 
within the area occupied by tbe chnnnel as indicated upon 
the mal'. Usually the wells of tbe region fail to penetrate 
the drift, but at Fort Madison and )lount Olara deep hor-
ings have been made which pass completely througb tbe 
drift and continue severnl hnudred feet into the indnrated 
rocks (figure 6). Above )lontl'Os., rock outcrops 
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along' the eastern bank of' the strcmn mark approx-
imately the easterll bouudary of' the old valley. In a 
southwest direction from the town no rock uppears until 
the Des :Moincs river is reached. At the mouth of this 
stream, on the north side, the limestone stands 100 to 140 
Figute 5. Sketch Mapllf Le., County, "ho"inJ,: roursesof old Chatlnel5. 
feet above the level of the river. About one and one-half 
miles to the west the Keokuk fOl'mat.ion outcrops at the· 
base of' a hil1 fifty feet high, lying between the railroad 
and the river. ~"'rom this lloint to Sand Prniric the bluffs 
are composed entirely of unconsolidated materials. At 
the latter place the Saint Louis limestone makes its 
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appearance in the bluffs, of which it constitutes a prom-
inent feature foJ' many miles. Northward from Sand 
Prairie the limits of the channel are marked approxi-
mately by ontcrops at the following localities: 
I. Painter's creek (Tp. 67 N., R. VI W., Sec. 13). 
2. Railroad bridge over East Sugarcreek (Tp. 67 N., R. V W" Sec. 5). 
3. Lost creek (Tp. 68 N" R. IV W., Sec. 6). 
4. Skunk river (Tp. 69 N., R. Ii[ W., Sec. 32). 
IJTell Reco1'ds.-Several deep wells have been put down 
at Fort Madison, al1 of which agree in showing a. great 
thiekness of clay and sand below the level of the river. 
Paper .J.lIill Well, Fod j}fruZison.* 
5. Loam, black, quicksand and 
blue day; not separated in the 
record.. ._ .............. 145 
4. Lime.<;tone ... 35 
,3. Shale, blue and white . _. __ ..• 250 
2. Limestone... .. _ ....... 180 
I. Sandstone (water-bearing rock). 77 
'45 
,So 
430 
6<0 
68, 
ELEVATION TO 
SEA LEVEL. 
379 
344 
94 
-86 
- 163 
The surface at the well is twenty-one and one-half feet 
above low water datnm, or 524 feet above sea level. 
At the Atlee we11, where the sul'face is thirty feet 
higher, the depth to limestone is 190 feet, while at the 
Hospital well, where the elevation is. about the same as at 
the Atlee, it is 185 feet. A comparison of these figures 
shows a variation of fifteen feet in the elevation of the 
rock plain, due doubtless in part to irregularities in the 
old surface. 
*This record was obtained from Mr. Frank Leverett, for whom it was copied 
from the books ofthe Fort Madison Paper Company, by the secretary, Mr. A. P. 
Hrown. 
'Ex'rEX'l' OJ.' OLD Y ~\I.LEY. 
At :Mount Clara; two miles west of :Montl'ose, a well 
has been put down at the summit of the divide on the farm 
of 1\,. J. Beck. 
J1Iollllt C/a/"{(. Well. 
Clay .. ..... ..... ,,0 
Sand 55 
Limestone 
'5 
9· Shale, blue S 
s. Limestone ... 
,. Shale ... . .•..•..... 325 
6. Limestone .. .. 
"5 
,. Limestone .... 
4· Limestone, flinty ..... '5 
3· Limestone .. 40 
,. Limestone, hard .... 
'- ? No sample; carried away by 
water ...... 
" 
ELEVATION TO 
DEPTH. SEA LEVEL. 
,,0 4'9 
30 5 374 
330 -'49 
338 ". 
3" 336 
668 
783 -10-1 
793 -114 
S.S -139 
S,8 -179 
863 - 189 
939 -,60 
The well is on a level with the stntion, which is ()7!) 
feet above sea level.* 'rhe rock is here 305 feet from the 
sUl'face and has an elevation of 374 feet above sea level, 
or five feet lower than at ~he IJapel' 'Yorks. 'rllC two 
wells arc about e1m'on miles apart. 
Extent of the Old y(llley.~The: old channel has an esti-
mated width of about six miles. At Fort !Iadison it has 
a depth of 123 feet, ut lenst, below low wuter level, and at 
:ilIount Clara it is 126 feet below low water at [Montrose. 
The elevation of the rock surface is about 620 feet above 
tide at Sonorn, and at Keokuk slightly less. On this basis 
the amount of rock excavation in the old channel is 245 
feet as compare(i with 135 feet in the new one.1, The rela-
tion of the two vnlleys Hre shown in the accompanying 
section from the Sonora quarries to Al'gy Ie (figure (j). 
;'lRecord furnished br the owner. 
BUHIBH IU\'BH CHANNELS. 
In considering the datn bearing upon the dep.th of the 
channel, it is to he mentioned t~1at a possible source of 
errol' mny urise in the difliculty of distiug'uislling in n well 
boring between glacial clay and the slmle of the Kinder-
hook group. At Burlington, nhout sixty feet of these 
shalcs l1ppcar above the level of the riYer. 'rhe strata 
descend quite rapidly toward the south and then, together 
with the ovedying Burlington beds, disappear uelow 
the le"cl of the river just aboyc Fort :Madison. lVhile 
admitting, therefore, the possibility of such a mistake in 
identification, yet that no such error has been mlldo 
Figure 6. Cross·Section from Sonorn to Argyle showing old nnd new Channels of the 
ltIississippIRh"er. 
would appeal' from the following considel'ations: ( 1 ) 
the wells at Fort illadison un,d ilIount Clara, while show-
ing agreement in all essential points, were put down by 
diii'el'ent people; (2) the persons putting down the 
latter well were personally known to the writer as experi-
enced well men who would be quite unlikely to make the 
mistake suggested; (3) the most conclusive evidence 
is the pl'esence at both places of a groat thickness of 
shale below the clay and separated from it by thirty to 
forty feet of limestone. A compul'ison of the records 
with those of wcUs at a(\jacent localities, as at Keokuk, 
IImniHon and elsewhere, leavcs little doubt that the shales 
rcpresented by number 3 of the Pnper 1Yorks weH and 
numbcr 7 of thc nIonnt Clara ~ectiolllH'e to he correlated, 
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in part at least, with the Kinderhook beds, while the lime-
stone nbovc probably represents the hase of the Augusta. 
AXGn~~'l' DBS :'olOlNBS CIfAXXgL. 
1'he existen{'c of a buried clumnel tributary to that of 
the :Mississippi and corresponding in position to the Des 
l\Ioines river, was first suggested ill 1893. 1'hough incolll-
plete, snilicient evidence has Leen gather~d to warrant the 
conclusion that, in the vicinity of Argyle, an old valley 
of considerable magnitude joins that describe(l above. Its 
position is marked approximately by the present course of 
W cst Sugar crcek. It has becn noted already thnt above 
Sand Prairie the present ch:muel of the Des Moines river 
. is comparatively of recent date. rrhe indurated rocks 
which form bold escarpments along the stream, howe\'cr, 
are almost entirely wanting Oil 1Vest Sugar creek notwith-
standing the fact that the valley of the latter south of the 
Chicago, Burlington & Kansas City railroad extends con-
siderably below the level of the rock surface. The only 
exception is a Hmited exposure of Saint Louis limestone 
occurring in Tp. G7 N., R. YI. 'Y., Sec. 5, about one and 
one-half miles southwest of Donnellson. At this place 
the limestone forms the bed of the broad shallow ravine 
opening into the valley from the cast. 'rhe upper line of 
the exposure is estimated to be at, Ie aRt fifty feet above 
the bottom of the vaUey adjacent. It is e\'irlcnt, thol'ofore, 
that ,Vest Sugar creek is engaged in reviving an older 
valley, the limits of which arc ns yet but imperfectly 
known. The only deep drilling known to have been made 
within the limits of the channel is 011 the Bell farm, onc 
and one-half miles Cl\st of Big 1\loHl1d. Thc record of this 
well could not be obtained, but it is reported to have been 
abandonml on account of the unusual thickness of the 
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drift and the difficulty encountered ill penetrating it. The 
location of the channel is indicated provisionally upon the 
map. 
IIISTOHY O}' 'rHE DRAINAGE DIVBRSION. 
rfhe extent of the channels here recorded may be taken 
as in some degree a measure of the vast denudation which 
the region suffered previous to the Ice .Age, while the evi-
dence as to the cause leading to their abandonment must 
be sought in the deposits made dm'jng that period. The 
evidence at hand seems to warrant the assumption that at 
least two ice movements are recorded in the deposits of 
the region, one from the northwest and another and later 
from the northeast. 
Des llfoilles Lobe.-The position of the new channel 
indicates that the ohstruction which forced the river out 
of its old conrse must have been introduced f'eom the north-
west. :Moving down the old valley of the Des 1\Ioines, 
it probably occupied the wh01e of the region between the 
Skunk and Des n:Ioines rivers, and pushing across the old 
valley of the :Mississippi as fur as Keokuk, effectually 
dammed the stream and caused it to seek a llew course 
farther east. 1Vhethcr the movement here recorded was 
the first ice invasion is not clear, but it would seem that 
it was the first of sufficient magnitude to cause a marked 
change of drainage. 
Later j1{ovemellfs.-From some of' ~fr. Frank Leverett's 
im'cstigations in eastern Iowa, the results of which are 
soon to be published, there is reason to believe that an 
invasion of the l11inois ice lobe occurred long subsequent 
to the first displacement of the river. The limits of this 
movement are recorded in a morainic ridge extending 
south from New London in Henry county, entering Lee 
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county neal' l>ilot Grove and passing through ,Yest Point 
to the river north of "Viele. li'rolll this point to ,Yarsaw, 
Illinois, its position is not clearly determined. Aside from 
its general relations evidence of its connection with the 
Illinois invasion is fouud in the presence of' jaspery COll-
glomerate identical with the Huronian conglomerate within 
(east of) its border, while simBar material is not yet known 
to occur outside of it. rl'of. 1'. C. Chamberlin, to whom 
specimens were submitted, thinks it improbable that they 
could have come from a point any farther west than 
the Green Bay movements, aIHI he doubts if they conld 
have come from eyen that far wcst, since the fragments of 
jaspery conglomerate fOllnd within the range of that 1ll0Ye-
ment are not of the typical kind. 'rhe broad valley of 
East Sugar creck, already noted, borders this moraine on 
the west. 'The position of' this depression suggests that 
it may represent the position of the :Mississippi at the time 
the ,Vest Point-K ew London ridge wns forming; though 
this is not yet clearly proven. Upon this point ~Il'. Lev-
erett writes: "I have not yet been able to get decisive 
evidence that the Mississippi flowed around the west 
branches of the 'Vest Point-New London ridge. There 
is no channel across from the Iowa to the Skunk river val-
leys; and the trough 01' channel from the ,VapsipillicOIl 
at Dixon to the Cedar at :Moscow may prove to be inde-
pendent of the Illiuois invasion. ,Vere it not fol' these 
two intenuls there would be a continnous channel from 
the m.outh of the :r.Iaquoketa through Goose Lake, Wap-
sipiunicon, Cedar, Iowa, Skunk river, Big and Little 
Cedm· and East Sugar creek to the ~Iississippi." rl'he 
glacial phenomena of the region are extremely complex 
and difficnlt of interpretation, but evidence thus far avaiJ-
able points to a long interval of erosion between the two 
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invasions. A. study of the rock gorge between Montrose 
and Keokuk favors this conclusion, though it has not yet 
afforded grounds for a satisfnctol',Y demonstration. 
Jl[onb'ose-1[cokllk GOI',qe.-The u\'el'~lge depth of' the 
lleW channel is 180 feet, of which 135 to 140 feet is in 
indurated rocks. Keokuk lies in <1 small umpitheatl'cHke 
depression facing southeastward towards the riYel·. 'l'his 
slllull basin is intersected and drained on the south side by 
Soap creek. Between the foot of ~Iain street and the 
mouth of this croek the height of the rock esmu'pment 
Figure 7. Present Channel of Mississippi River lit Keoknk. 
does not exceed fifty feet, though both to the nOl,th :md 
south it reaches a height of IBO to l!O feet (figure 7). 
Along the front of this recess and resting upon its rock 
bed is fI deposit whose explanation is not without difli-
cult)', In consists of a bed of loose boulders at the base, 
overlain by stratified sand, which is succeeded by fine, 
gray, pebbleless cIay or loess. 'rhe boulder bed is about 
twenty feet thick and is composed in large part of coarse, 
morc or less ronnded material, chiefly of local origin, 
Large blocks of limestone but little abraded are occa-
siona]]y seen. i\ringled with the local materinl nre bould-
ers of crystalline rocks, two and three feet in diameter. 
The interstices between the boulders m'o filled for the 
lIOX'l'I{OSI-:-KIW1(Uli ('Om'B. 
most part with Bunel) though pockcts of cluy are sOllle-
times present. ~'OWlll'elS the top the mnteriul becomes 
finer amI takes on a stl'utified arrangement. 
At one place the,matcl'inl is c~mellted with Hme, fOl'm-
ing a coarse conglomerate. Abovc this m'c ten 01' twch'c 
feet of sond, fine below, becoming coursci' abo\'e, and 
arranged in thin layet's ultcrnuting with similm' layers, ill 
which the Slllld grnins IIrc encountered with iron oxide. 
U pw.rd this bed passes gradually into fine, gray loess, 
which is fifteen feet thick. 'l'he latter includes occasional 
fragments of chert., a band of which exists about three feet 
above the base of the deposit. At 'Vnrsnwa bonlder bed 
similar to that noted above and three to five feet thick 
. rests upon blne till fifteen to thirty feet in thickness, 
which is much eroded nt the top. Below Nauvoo, rock 
tel'l'aces occur up to an altitude of seventy feet. A rock 
shelf of the latter height bears a deposit of loess twenty 
feet in thickness. The loess is of the typical kind and 
highly fossiliferous. In this case 110 till intervenes 
between the loess and the limestone. Between Nauvoo 
and Hamilton there is very little drift. At several points 
sand deposits occnr below the loess as at Keokuk. No 
explanation of the Keoknk boulder bed hns yet received 
satisfactory demonstration. The coarseness of the material 
precludes the belief that it is due to river agencies alone. 
A second hYllOthesis ascribes it to the cutting down of 
a till sheet. As the current removed the finer material the 
coarser would settle downwnl~1 while the infilling of sand 
may Jlove occurred subsequent1y. 
A third view is that the deposit may hnye been forme,l 
in running lVatcz· at the edge of the icc sheef 01" within its 
periphery. If the ice just reached the border of the river 
its melting would furnish both coar.e and fine material, of 
2M BUllIED lUVEH OIIANXEI.S. 
which the former would accumulate at the bottom of the 
stream while the latter would be carried by the current. 
In some respects the second suggestion oft'ers the most 
satisfactory explanation; while in athol's the third seems 
to be most satisfactory. The QCCUl'l'once of the boulder 
bed at 'Varsaw capping a ,leposit of blne ti11 ravors the 
former. If t.his be the tme explanation, then" question 
arises as to what till sheet it owes its derivation. Its position 
is eighty feet 01' morc beloll' the level of the rock surface, 
indicating that erosion to this extent bad pl'ogressed before 
its formation. It is evident, thorofare, that it does not belong 
to the dl'ift of the Iowa invasion, unless the depression in 
which it lies be held to represent preglacial chanuels trib-
utary to the old Yalley. If it can be shown that it belongs 
to the Illinois invasion, then it is evident that a measure of 
the time intervening between the two invasions appears in 
the eighty feet of rock excavation, plus an unknown thick-
ness of overlying drift'belonging to the earlier ti11 sheet. 
Evidence apparently confirmatory of tbis view is supplied 
by the terrace in the Viele sand plain. These terraces occur 
up to a height of between fifty and sixty feet above tbe river, 
while the bordering bluffs show little if any traces of ter-
race formations~ If the Illinois ice sheet reached acr08S 
the river between Viele and Keokuk, the drift derived 
from it would prohably wash the tel1'aces formed before 
its advent, and the present terrace would apparently repre-
sent the time since that invasion. The occurrences of the 
loess at the height of seventy feet above the river resting 
upon a rock ledge near Nauvoo make it evident that ero-
sion had progressed to this 'lepth prel'ious to the deposi-
tion of the loess. 
If it can he shown that the loess represents tbe closing 
events of the Illinois invasion, then the preceding erosion 
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period belongs to the interval between the two invasions 
as above suggested; and would sustain the view advanced 
by :Mr. Leverett ill the study of the Hock river basin* 
that the two hlYasions were more widely separated than 
the whole length of postglacial time. The relations of 
the loess to the drift, however, nrc not yet sutHciently 
clear to justify a final conclusion. The presence of a soil 
at the base of the former indicates a time interval of' con-
siderable importance, but a fuller elucidation of the 
Pleistocene history of the region must aWllit further 
study. 
"Prot. Am. Acad. Adv. Sci., \'01. XLII. 1893. 
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INTRODUCTION. 
Gypsum forms one of the most ,'allIable of lawn's min-
61'81 deposits. It is aile which has nevel' been apIll'eciated 
to the extent that it should have been j and one which will, 
us yenl'sgo by uuel the stnte becomes marc and mOl'C densely 
llopulnted, constantly illcrense in importance. 
Though n substance widely distributed in small quanti-
ties throughout the region and occurring in nearly every 
geologicnl fOl'motion huving n sUl'fuce exposure within its 
limits, the only deposits of commcl'Cial valne are those 
which exist in Webster county, in the northcentral portion 
of the stnte. The gypsum of this locality is not only the 
most extensive occurrence in lawn, but it Dlay be regurde(l 
as one of the most valuable formations of the kind in 
the United States. Furthermore, its geogruphical position 
makes it the most important deposit in the entire Missis-
sippi \·.lI.y. 
The existence of gypsum in the neighborhood of FOl't 
Dodge has been known for nearly half a centm'y j but its 
extent and adaptability for commerciul purposes have not 
l)een made genemlly known. 80 fur as can now be ascer-
tained, attention was first called to the deposits by Dr, 
David Dale Owen, in 1852. In his nscent of the Des Moines 
river in cunoes in the year 1849, he found the gypsum out-
Cl'ol)ping in Webster county, and be ohsel','ed that" evel'y-
w bere in the region of the plaster-stone the banks of the 
Des Moines riYer were clothed with an extraordinarily 
thick vegetation; indeed, the undergrowth and vines were 
50 densely interlaced that it was penetrated only with 
great labor." The l'ecognition of the deposit as one of 
cOllsidcl'lIble extent is important, as it first brought to the 
notice of the world the: existence of the mineral in Iowa. 
It was regarded to be "by far the most important bed of 
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the plaster-stone known west of the Appnlnchian chRin, 
if not in the United States." Worthen, who, n decade 
later, lludel'took the SRme tl'ip as Owen, mentiolle(l the 
gypsum bl'iefly, but .deled nothing to the former deserip-
tioll except that the deposit did not appeal' to lie regularly 
upon the Co.l Measures. Hall _iso referred to the beds 
incidentally. Wbite, St. John, McGee, _nd later others 
have also visited tbe gypsum region at different times, so 
that incidentally and otherwise frequent mention has been 
made of this formation, yet little special investigation Ims 
been undert. ken. 
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The rapid grow til and development of the Mississippi 
valley and the constantly increasing use of cements of 
different kinds, for which the gypsum is admirably adapted, 
creates a new interest in the Iowa deposits, since they are 
the only ones of commercial importance known in the 
region. 
GEOLOGY OF THE GYPSUM REGION. 
The gypsum beds of Iowa cover a district of nearly 
fifty square miles. The deposits form un incgulal' trian-
gular or rectangular area lying chiefly to t,he south of the 
town of Fort Dodge, in the centl'al pOl,tio11 of Webster 
county. The tract occupied by the gypsum trends nppt'ox-
imatciy northeast and southwest, a directiollucarly at right 
angles to the valley of the Des lIoines river. (Plate xx.) 
The location of the area represented cartogmphically 
by plate xx is shown in the accompanying sketch (figure 
8) of Webster county, the sbaded portion being covered 
by the map. 
'l'OPOGRAPHY. 
The area containing the gypsum deposits is a part of a 
very level stretch of prairie, whose ~mrface is so slightly 
1'0JIillg that the drainage is very imperfect, and the depres-
sions arc occupied for the greater part of the year by wet 
sloughs) often impassable by vehic1es of any kind. Tl'av-
ersing the district in a southeasterly direction, alld cutting 
it into two nearly equal halves, is the Des Moines rIver. 
While a rew miles back f!'Om the stream 011 either side the 
surrounding country is quite level with no mnrked con-
trasts of elevation, toward the chief water course deep 
ravines begin to appeal', sloping steeply towm'd the river, 
whose bed is 130 to 150 reet below the general level of the 
upland plain. 
IOWA GEOLOGICAL SURVE.Y. PLATE XXI· 
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In 'Vcbstel' county the Des :i\Ioines rivor valley is VOI'Y 
nOI'I"OW, with sClll'cely ·nny nlhH'inl1lood plain. rL'he sides 
of the valley m'e VCl'y steep, evell pl'ccipitol1s, (See plnte 
xxi.) All the minor tl'ibutm'ies of the chief Wl1tCl' COUI'SO 
likewise flow in llarrow 8teep~sided l'Uvines, "Cl'y deel) 
toward their lowel' extremities, but in the opposite direc-
tion, spreading out iuto smull, broad, shallow, druiunge 
basills. The ravines nrc vcry numerous, close togetllcl' 
and very tortuo11S. They nrc sepnrate{l from one another 
by sharp, 11m'roW I·idges. 
Glacial deposits coyer tIle entire region, often to a very 
considemble depth; these, therefore, have nil important 
inlluence in the moulding of the topographical types, 
which are characteristically drift ill aspect, except ill the 
immediate vicinity of the Im'ger watel' courses. Chiefly 
on account of the many steep-sided ,-alleys and ravines 
cutting tbrougb tbe entire district, the oute-roJ1B of tbe 
different -formations and the yarious beds occur with great 
frequency. 1.'he district may therefore be regarded as a 
broad, leyel plain, deeply trencbed tlll·ough the middle by 
the Des Moines river. 
GEOLOGIOAL FOIu,rATIONS, 
The Fort Dodge gypsum region is remarkable, geologic-
ally, in haying l)l'esellt in so small on urca foul' distinct 
geological formations. Between the lleriods of their depo-
sition there ela]1sed long intervals of time. They arc: 
(4) D.m (Pleistocene). 
(3) Gypsum beds and nssociatell deposits (probnbly 
C.·et.ceons). . 
(2) Lower Conl Mensnres (Des :Moines formation, 
U1'per Carboniferous). 
(1) Saint Louis Limestolle (Lower CaI·bolliferous). 
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Baild Louis Lilllestone.-This formation is the upper-
most member of the Lower Carboniferous in Iowa. In 
'Yebster county it extends southward from the northern 
boundary lh~e, in a rapidly narrowing tongue, one-third of 
the way across the distt'ict, to a point just below the mouth 
of Lizard creek, o})posite Fort Dodge, The chief exposures 
consequently are in the valley of the Des Moines river, 
though the rock is also bared in the beds of many of the 
smaller streams fol' some distance f1'OUl where they enter 
the larget· wnter COl1l'S~, 
Outcrops showing the details of the lithological char-
acters are well exhibited at the Lenahan quarry (Tp. 89 
N., It. XXVIII W., Sec. 19, NW. qr., N1V. t) on west 
bank of the Des :Moines river just nbm'6 the mouth of 
Lizal'd creek, as well as on the latter stream a few hund~'ed 
yards above its month. 
Section at Lenalmn QUQj'''Y' 
FEET. 
9. Drift (exposed) ............................ . 
S. Shale, sandy, nodular ...•.................. 
7. Sandstone, argillaceous, soft, white, evenly 
bedded ..........•..•...•............... 3 
6. Sandstone, white, rather massive, hard...... I 
s. Limestone, rather heavily bedded. compact, 
hard, breaks \\ith well pronounced con-
4. I.i~h;::~~r:~~d~,;· f;':;~~~~~~:' ~ft;~" ~'i;h 2 
some chert .............................. I 
3. Limestone, wbite, hard, compact, heavily bed· 
ded, breal."s "ith concboidal fracture; with 
uccasional clay parting.............. ..... 5 
2. L.imestone, Iike3,bulmoremassive(exposed) 
I. Hidden to water leveL ••..........•........ 
The limestone, ·which may be regarded as the floor 
upon which the Coal Measures were del)osited, thusl'eaches 
into the gypsum area only a short distance, at its extreme 
northern margin. The formation itself is made up cbiefly 
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of n COlllpuCt, nsh-colored or blnish limcl'ock, which breaks 
with a conchoidal fmcture. III SOIllC places sand beds 
OCellI', ycry white and pure, and often suiliciently indurated 
to afford n rail'ly compact stone such as might be used in 
rough 1111180nr)'. Occusionally, ulso, beds of light colored 
shales are intercalated. Fossils, which in places occnr 
vcry abundantly, sh(w clearly that the limestone belongs 
to that part of the 1. .. 0W01' Cnrbonif'orous, or nlississippian, 
series which is known farther southwul'das the Saint Louis 
division. 
Lower Goal _l11ea .. S'Ures.-Immediately undedying the 
gypsum throughout the greater part of' its areal extent 
arc characteristic Coal :Mcasurc deposits. In the northel'll 
part of th~ district the formation thins out completely 
o\'er the old elevations of Lower Carboniferous limestone, 
allowing the gypsum beds to rest directly upou the Saint 
Louis formation; but farther south more than one hundl'cd 
feet of Lower Coal Measures intervene between the two, 
Both the upper and lower limits of the coal bearing strata 
are readily made out. The superior line is pel'haps the 
mOl'e prominent of the two for the reason that thegypsulll 
often juts out beyond the softer underlying stl'3ta forming 
a prominent topogl'Uphic feature, A.s elsewhere in the 
siate the Lower Coal Measures are made up largely of 
clay shales. Sandstones ure present, but not in such fol'cc 
as in some othel' parts of Iowa. 
The general charactm' of the formation mlly be inferred 
from the bluff section shown three-fourths of a mile west 
of the bIilllleapolis & Saint Louis ruilrou{l bridge over the 
Des l.Ioines, six miles south of Fort Dodge, and a short 
--... '"- ....... "'\.distance southwest of the DUllcomb mill, near the coal mine 
operated by the mill company (Tp. 88 N., R. XXVIII 
W., Sec. G, SW. ql'., SW. 1). 
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BZ,!t!' Sectio", 8i", miles South of Fo,.t Dodge. 
FEET. 
11. Drift •..••••••.•..•••••.•. · •• ·:· •••••••••••..•.••• 5 
16. Shale, red (Cretaceous) exposed ................... .. 
IS. Shale, drab ........................................ 8 
14. Sandstone, hard. shalr. with ferruginous concre-
tions.··· ...... · ... ·· .... · .. · ......... · .......... 3. 
13. Shale. blue or "arit-gated, containing abundant gyp' 
Li::t~:~t~;~~;;:: :~:. :::::::::: :::: ::::: ::::: ::: ~ 
Shale, light colored ............................... 2 
Shale. drab to black ........•.•...............•..... 7 
9. Coal, impure,shaly ................................ ~ 
8. Fireclay ........................................... 3 
7. Coal, with c1ayparting ...................... __ .... 2 
6. Fire clay and white sandstone ................ __ ..... 3~ 
5· Shale, hlack. fissile ................................. 4 
4. Shale, sand}', or sandstone .......................... I 
3. Shale, sandy, gray ................................. 1M 
2. Sbale, dark ........................................ 6 
I. Shale, dark, fissile (exposed to water level) .•.... , •. 16 
Gypsum and Related Beds.~The gypsum and the 
deposits genetically associated with it comprise several 
kinds of strata. At the base, everywhere so fa .. as has 
beeu observed, there appears to be a layer of red, f'e)'rugi~ 
nons, clayey and sometimes sandy nodular shale, val'iable 
in thickncss, usually from a few inches to two or three 
feet, and resting dircctly upoJ?- the Carboniferous beds. 
U pOll this stratum He the gypsum deposits, which vary 
in thickness from three or fOUl' to thirty or more feet., the 
avcrugc measurement being about sixteen feet. The 
gypsum is the perfectly massive variety, made up of 
llumerous thin, alternating bands of white and gJ'ay calcic 
sulphate, the differently colored layers measuring from onc-
eighth to one~half of an iucl} ill thickness and finely 
corrugated. (Plnte xxii.) The lower part of the deposit, 
although llOt strikingly different from the UPPl;\l' portion, 
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often contains some impurities, and on this acc~unt this 
part is usually ground into laud plaster, while the upper 
portion is made into stucco. fl'hc gypsum beclA appear to be 
thorOllghly crystalline throughout, the indidtlual crystals 
being columnar or needle.1ike, arl"anged closely together 
with their long axes at right angles to the sedimentation 
planes. ~rhis alTangement seems to be uniform through-
out the cntire deposit. 
Nearly eyerywhere glacial detritus immediately coyers 
the massiyc gypsum layer; but above the main bed in 
. certain places, as along Soldicr creek fOl' example, thero 
are exposed beds which wore manifestly deposited at the 
same time as the principal gypsum mass. rl'hese are clliefly 
red alld often somewhat sandy shales, which pass upwards 
into fHllble, massiye sandstone. At Ylll'ious levcls through-
out a vertical height of twenty-fixe or thirty feet there are 
thin layers of typical gypsum, from one·qual'ter to onc-
half an inch ill thickness, widely separated both from each 
other und from the mnssive beds below. These thin gypsum 
lnycl's are highly corrngated, broken portions nppeal'-
iug like a letter w, with a width often of fully three 
inches. .A.t first glance the heds immediately overlying 
thcgypsnm appear to have been deposite(l ullconformably, 
but closer iIlYcstigation shows plainly that such is not the 
case. Percolating waters have dissolved amI carried away 
portions of the upper pnl't of the grent gypsum bed, allow-
ing the superimposed beds to settle down on an appnrently 
uneyen surface. The shales, which al'e commonly light 
rctldish in color, are friable, and pl'estmt few illdicntions 
of' bedding planes. Upon exposure they break down and 
crumble into a fine, dry, incoherent mass, which rapidly 
hides the gypsum from view, except where the streams 
are constlmtly sweeping away the talus. Upward the 
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reddish shales givc way to the similar laycrs of n brownish 
or drub color, acquire IDOI'e and more fine saudy material 
and SOOIl pasR into a lllussiyc yellowish sandrock. 
The exposure showing the fullest vertical section of 
thc gypsum is near the mouth of Soldier creek, in North 
Fort Dodge. fJ'he place is a qUl1rry facc'atKohl's brewery. 
Sedion at the Kohl Brewery. 
& D~. 
7. Sandstone, soft, friable buff, h~a\'ily bedded .. 
6. Shale, argillaceous and sandy, alternating ........• 25 
5. Sandstone, buff, massive, quite friable ... 
4. Shale, blue, argilhu;:cous .. 
3. Gypsum. thin, uudulatory band.. M 
2. Shale, brown and reddish. with sandy layers and 
white and gray bands of gypsum from four to six 
inches thick and very undulatory .............. 7 
I. Gypsum, massive, );ray and white (exposed) 
Number 1 of this section is doubtless thicker than that 
shown in the exposure. It probably rests directly upon 
the Saint Louis lim.estone, which is exposed in the creek 
bed a short distllllee away. A noteworthy fnet in the 
present section is the superposition immedintely abo,'e the 
massive gypsum of sandy shales with their bands of· 
gypsum intercalated. These shales are of such chl.lI'<wtel' 
lithologically us to render favorable the finding of leaves 
of plants, whereby the exact age of the deposits may be 
detel'mined with certainty. 
Dl'ifl.-The glacial clays, which }mve a very consider-
able thickness over most of the district under con sid-
cJ'aiion, haye in a great measure protected the gypsum 
from complete desh'u('tion through solution and erosion. 
I t seems to be a well estahlished fact that the deeper the 
drift is oyer the gypsum the thicker is the deposit of calcic 
sulphate. Many of Lhe gypsum exposures huve fifty or 
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sixty feet of glaci~II detl'iLus overlying them. 'rhe drect, 
aside from protecting the deposit, is to add vcry IIlliteriJilly 
to the rngged1less of the snrnlce relief of the county. 
S'l'HUC'l'UHAI, UJ.;r,A'I'IOX OF I~OlDIA'l'IOXS. 
The four formations to which nttontioJl 
has been culled manifestly do not represent 
u continuous sequence of dcposition. Each 
ono rests unconformably npon Jill the 
others beneath it. 'l'ho nrrnngement of 
the different beds are pcrhaps best shown 
in the northern part of the gypsum area ill 
the vicinity of the mouth of Lizard creck. 
An east und west cross section presents n 
vcry notable il'l'egnlnrity in the snpel'posi-
tion of the beds (figure 9). 'rhe J..Iowel" 
Carboniferous limestone (Saint Louis) 
occupies the principal part of the ~ectioll 
at the base (St L). It is well exposed in 
the beds of' the Des :Moines riyer, Lizard 
and Soldier creeks, as well as in some of' 
t.he lesser streams. 'l'he unconformable 
)'elations of" this fOl'mation HIltl the Coal 
illeasnrc (OnI) is ,'cry Ill<ll'ked. 
The Saint Louis limestone throughout 
"\Yebste,' county hus the upper surface \'el'Y 
unevenly eroded so that the rocks reclin-
ing upon it present an unconformity which 
apparently is much morc pronounced thUD 
it reully is. It is quite probable, therefore, 
that the grenter thickness of the Coal 
llIeastll'c in the southern part of the area 
than in the northern portion is due largely 
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to the faet that in the latter region the ancient elevatioJls 
of erosion are higher. The unevenness of the upper sur-
face of the Lower Carboniferous limestone is especially 
well shown near the old Bmhring qual'!'y north of Fort 
Dodge. 'rhe lower part of the section is a blue, fine 
grained Jimcl'ock, in many places closely resembling litho-
graphic stone. rrhis is the Saint Louis. 
It is overlain by a friable sandstone some-
what shaley and bufl' in color. Above it, 
a few yards hack from the face of the 
exposure, arc dark colored Coal -Measllre 
shales. Similar !'mudstones arc known to 
occupy eroded depressions in the Saint 
Louis limestone at numerous other local~ 
ities in the shlte . 
.At another point not far avmy on the 
Des :Moines riYer, neal' the old dnm site, 
the upper part of the Saint Louis lime~ 
stone, for a depth of several feet, is com-
pletely honeycombed, ttpparently tlll'ongh 
wavc action, and the Carboniferous shales 
of the Coal ]\.Iensurcs are laid down imme· 
diately upon the surfnce, filling all the 
cavities, 
A cureful determination of II number 
of the lend~ng gypsum exposures show that 
the difference in actnal eleyation between 
the extl'cme southern and more northern 
outcrops, is in the neighborhood of thirty 
feet. 'rhe real dift'erence in measnrement 
on the two sides of the gypsum basin be-
tween the basc of the deposit and the Saint 
Louis limestone is much greater. In the 
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northern purL of the area the gypsulll rests di,'ect.ly upon the 
limestone; the shales of the COllI :;)IellSlll'eS having thinned 
out completely, while at the southern margin fully 100 feet 
of sediments intenene between the two horizons. 'HIe 
cross section (figure 10) made through the gypsum 
region at right angles to the last shows pmctically the 
snme relat.ions between t.he four geological formations, 
'fhe irregularities of the Burface upon which the gypsum 
rests are not so murked as in the former section, but the 
interesting fact is brought out that the Coal .Measures are 
much thicker at the south than Ht the north. rnw dividing 
line between the two formations, on the whole, is not 
nearly so well marked as that between the two former nnd 
-the Saint Louis limestone. Often a thin ferruginons band is present at the base of the gypsum, the whole resting 
directly upon the shnles, "Yhilc the juncture of t.he two 
is readily determined approximately, it is rarely well 
exposed. 'fhe irregularities of the base of the gypsum 
appeal' to be nearly as great, as in the case of the Lower 
Coal Measures. 
'rhe drift (Pleistocene) in·esents the greatest irregu-
larities of all t.he formations mentioned. Not only is the 
present surface of the ground profoundly carved out and 
trenched through erosion, but a similar set of conditions 
existed previons to the deposition of the glacial detritus. 
OCCURRENCE AND ORIGIN. 
GYI'SU:U EXPOSURES. 
'l'he gypsum heds oyer the greater part of the Fort 
Dodge at'ea lie weH up in the hills. The lnyers arc cut 
through by most of the water COUl'~CS, t.hus displaying 
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llumerons good outcrops, mHl showing in the various sec-
tions the relations of the different strata. 1"1'0111 the 
natural exposures which are confined chiefly to the imme-
diate vicinity of the Des nloines river, the gypsum comes 
to lie gradually deeper und deeper as it recedes frolll the 
chief stream until, tow(ll'(ls its known eastern and westel'1l 
limits, it is found at depths, as shown by bOl'ings, of 75 
to 125 feet. 
,Vhile thero arc 111nnOI'OUS natural ontcrops of gypsum 
the qUaITy faces of course nfl'onl hy far the hest exposures 
for examination. The quarries which snpply the mills 
with the matcl'iul al'C the most extensive, though smaller 
openillgs where the rock is taken out for building pur-
poses disclose very considerable YCl'tical sections. 
1'-J'oldicJ' Ureek.-'rhis stream traverses the llorthern 
bonier of the gypsum area east of the Des Moines. Tlui 
gypsum beds hcte rest partly on the Saint Louis limestone 
and partly on the Coal 1.Ieusure shales. They oeetll' at a 
lower level than at any other IJlace known, coming down 
within It very few feet of the water level of the Des 
l\IoillCS river. One of the most instructive ~ectious is II 
short distance above the mouth of the CI'cek neal' the old 
sito of Kohl's brewery in the north purt of' the city of 
Fort Dodge and a short distauC'e directly west of the Des 
:i\Ioincs and Fort Dodge, or Des Moines YaHey, 1'ailway 
station. 
KOHL UUl-:WEUY SECTION. 
Figure II. Quarry-face at the Kohl Brewery. 
S. Drift............................... ..... .;0 
7. Sandstone, friable., buff, heavily tiedded ............ 5 
6. Shale, argillaceous and sandy, alternating.. 2!'j 
50 Sandstone, buff, massive, quite friable .••..••...... 
... Shale, blue, argillaceous ................. .. 
3. Gypsum, thin undulatory band........... ....... }i 
2. Shale, brown and reddish, with sandy layers and 
white and gray bands or gypsum rrom four to six 
inches thick and very undulatory................ 7 
I. Gypsum, massive, gray and white varied (exposed). 
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This exposure of oycr fifty feet of stratified rocks 
appears to lie in n depression ill the Coal Measures, since 
a short distance to the 110rth bituminous shales rise to n 
level considerably higher than the top of the section. 
The red shales which oftcn accompany the gypsum nre 
exposed better here than Rnywhere else yet obscl'ycd and 
n detailed account of them is given in connection with the 
remarks on the geological formntions. Fal'thcr up the 
stream for a distance of one or two miles the exposures 
nre numerous. Some show the Suint Louis nml gypsum 
in conjunction; others with the Coal ~IeaslU'Cs amI gyp-
sum in the snme relation. One-qul1rtm' of a mile farther 
IBG.Rep. 
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up the stream, opposite the Bmhl'ingquarry, is an exposure 
whose base is at the water level and hut a few feet above 
the base of the l(ohl brewery section. No gypsum what-
ever is shown; the heavy drift deposits come down within 
twenty-five feet of the creek bed and rest directly upon 
the Saint Louis limestone. The section shows: 
Section Opposite tlte Bwltring Quarry. 
6. Soil. 
5. Gravel, with considerable clay and sand, and a layer 
of small boulders of granite and other crystalJine 
rocks at base. . ........................ IS 
4. Clay, yellow, with numerous small pebbles and some 
sand. . .......................... 15 
3. Clay, blue, otberwis'e same as 4.··· .... 25 
2. Sand, irregularly stratified: contains lumps of coal, 
twigs, sticb and streaks of peaty material........ 8 
I. Limestone{Saint Louis), blue in part, heavily bedded, 
with thick marly parting (exposed above sea level), 25 
On the opposite side of the cT'eek, a distance of one 
hundred yards, ten to fifteen feet of Coal Measure shales 
appear directly over the Saint Louis limestone; and above 
them traces of the red snndy shales associated with the 
gypsum. A short distance farther up the creek is the old 
Cummins quarry, now deserted, but formerly furnishing 
much of the material for foundation walls in nnd around 
Fort Dodge. The gypsum bed is fully twenty-five feet 
in thickness and comes down to within seyen or eight feet 
of the creek bed. The Saint Louis limestone is here 
exposed, rising a fow feet above the water level. Between 
it and the mnssiye gypsum bed there intervenes one to 
three feet of clayey and sandy material, highly ferruginous, 
sometimes forming thin beds of iron ore. TI'he red sundy 
shales overlying the gypsum have a thickness of about 
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twenty feet on the exposed surface; with doubtless a 
greater thickness farther back in the hill. 
Section at tlte Old Cummins Quarry. 
5. Drift ...... 
4. Shales, red and yellow, :'landy, wilh con~iderable 
g)"pseous materiaL .................... . 
3. Gypsum, gray, mlls~ive.. 23 
2. Shale, sandy, ferru~inous, with irn·gular bands and 
nodules of iron ore .......... . 
I. Limestone, gray or ashtn, CI,nlpart, brt·;Jking with 
conchoidal fracture, rather hl:lIvll}' beddt:d 
(exposed to creek level) .. 
Up stream from the Cummins quarry the Saint Louis 
limestone is exposed only for a short distance. Coal1\Icas-
ure shales appear in Illost of thfl outCI'OPS with the red shales 
above. These may be traced along the creek for nearly 
a mile northeast of the quarry. Beyond, the slopes are 
too gentle and the drift too thick to permit of outcrops 
of the indurated strata. 
Des .i1foines Rivel', East Side.-Southwal'd from the 
Kohl brewery section, near the mouth of Soldifr creek, 
gypsum is rarely eXllosed for a disbmce of fully two mileR, 
chiefly on account of the comparati\"l'Jy gClltle slopes on 
the east siue of the stream. How'ever, indications of the 
presence of red sandy shales are noticeable at several 
points. The first important exposure of the gypsum met 
with in passing down the river is about olle mile sonth of the 
ltIillneapolis and Saint Louis railway station, in the bluffs 
near the old Des Moines river. Between forty and fifty 
feet above the railroad track a smull opening of gypsum 
occurs. It has been quarried to some extent at this point, 
but ill such a desultory manner that the ·thick overlying 
drift nearly eovel'S up the quarry face as soon as the opening 
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iug is left ullworked for n time. 'rwelve feet beneath the 
gypsum layers are Coal ~Ietlsure shales, which give the 
subjoined section (numbers 1 to 7) : 
FEET. 
9· Drift................................... 15 
8. Gypsum, gray, massive {exposed) ... 
7. Unexposed ......... . 
6. Shale, dark colored, with layer of cone·in·cone at 
the base, six inches in thickness 
5. Limerock, black, hard, compact. 
4. Coal ........................ . 
3. Shale, dark colored ......•.. 
Shale, light colored, calcareous ... 
r. Unexposed (to level of railroad). 
The exposures of the gypsum continue at short inter-
vals for a distance of nearly a mile down stream; but for 
the succeeding mile few traces are to be seen nntill1ear 
the mouth of a smull creek which enters the Des Moines 
river a mile below l)fill No.2 of the Iowa Plaster Com-
pany. For the g~"eatel' part or its course gypsum outcrops 
on this stream. Near the head of the creek are the quar-
ries ·which supply the mill, which is about one-third of a 
mile to the west. At the quarr), (Tp. 8~ N., Il. XXVIII 
W., Sec. Rl, B'V. qr., BE. ±) the massive gypsum bed is 
twenty f~et thick. Below the base of this ledge the 
material is not so pure, and is not worked. The top of 
the bed quarried is very il'regulal'; forty feet of drift 
overlie it. 
Section at Iowa Plaster Qu((rry, lfo. 2. 
3. Clay, yellow and blUe, with abundance of pebbles, 
lolllall boulders and sand....... 40 
2. Gypsum, gray, massive.: .................. . 
1. Gypsum, gray, massive, somewhat impure (expojerl) 
The most important gypsum exposures in the region 
arc in a deep trench known liS "gypsum hollow." It 
IOWA GEOL OG ICAL SURVEY. PLATE XXII I. 
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opens into the Des ~Ioines river a short distance above 
the Minneapolis and Saint Louis raill"Oad bridge. Large 
quarries haye been opened and worked for many years. 
The chief openings now in operation are those which sup-
ply the plaster mills. They are situated a short distance 
aboye J..Iill No.3, and about three-fourths of a mile above 
the mouth of the creek. The exposures of gypsum are 
almost continuous for a distance of nearly two miles along 
this creek. Thc base of the valley is occupied by Coal 
ltleaS11l'e shales which, being more easily effected by tIle 
action of running water, allow the massi.ve gypsum to 
fOI'm a protecting cap as it were to the underlying strata, 
gidug the vaHey a strikhlg1y gorge-like appearance. 
At tIle present time the base of the gypsum bed at the 
quarry is more than sixty feet above the creek bed. In 
ql13rrying at this place it is the practice to strip oft' the 
drift for a considerable area, clearing oft' the upper surface 
as much as possible to prevent the clay from mixing with 
the gypsum (plate xxiv). The surface, when exposed, 
is found to be formed into a complete set of small hillocks 
much after the manuel' of the well known roches mOllton-
nees (plate xxiY). The c1epression between the elevations 
vary from one or two tv three feet or morc, often forming 
intricate labyrinths. Deep pot holes are also not infre-
quent. 
Section at Q{Wl"J'!I of Iowa Plaster Company, flIill No.8. 
5. Soil... 
4. Silt, yellow. fine, sandy in places. loess·hke. 
3. Clay, yellow, pebbly. with occasional small boulders, 25 
2. Gypsum, gra)', massive, with occasional thin part-
ings................. 23 
I. Gypsum, gray, somewhat impure (exposed)...... 3 
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In this Yieinity the lower hed in the seetion.(number 1) 
appears to lie on a surface quite uneven, sometimes rest-
ing upon one member of the Coal Measures ond some-
times on another. On the opposite side of the ravjn~ 
directly east of the quarry the following seqnence is 
Mown: . 
FEET. 
Drift •......••......• so 
Gypsum. gray. heavily 
bedded .•..•••..... JO 
9. Sbale. ""Iher flandy. 
reddish •......•.... IS 
8. Shale. red and white.. 2 
7. Shale. clayey, gray... I 
6. Shale. clayey, drab and 
dark colored....... I 
S. Sandstone. yellow. 
ma.o;sive, bard, fine 
graint'd ......•..... 
4. Sandstone, white •.... 
3. Shale, bituminous, fis~ 
slle................ I ;: ~~d~~::~~::Cbt:e:.): I 
Plgu~ II. IkctionNort&ofMiIINo.3-
From the mouth of "gypsum hollow" southward along 
the river the gypsum is shown at short intervals in the· 
bluJfs. The lust good outerop met with is Ileal' the site 
of an old milldam, about half a mile northwest of Coal· 
ville (Tp. 88 N., R. XXVIII W., Sec. 6, SE. qr., SW. t). 
The gypsum rests directly upon six to eight feet of brown 
sandy shale, below which is a seam of coal. 
IOWA GEOLOGICAL SURVEY. PLATE XXIV. 
UPPER SURFACE OF GYPSUM BED. MILL NO. 3 . 
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Bb~tt' Section jYeal' Ooalville. 
6. Drift., .... 
5. Gypsum, gray, massive., . 
4. Shale, sandy. brown or yellowish 
3. Shale, black. fissile ..... 
2. Coal" 
I. Shale, brown, saudy (exposed).,. 
FEET, 
'5 
LiZ(ll'd CreeJ.'.-.A. short distance abovc thc mouth of 
the stream the red shales, which are so prominently asso~ 
ciated with the gypsum on Soldier creek, on the opposite 
side of' the Des :Moines rh'er, nre fOl~nd on the n'ol'th side 
a short distance above the Saint Louis limestone. On the 
8ou~h side of the creek the 1'C(1 shales appear, well up in 
t~le bluffs, and are llIso exposed at OlIC or two points 
between the mouth of Ule strctlm and the junction of the 
nOl'th and south branches. 
On the N orUl Lizard, drift deposits occur neurly to the 
Des ·.Moines and Fort Dodge 1'aill'oad bridge, four miles 
above the conflnence of the two branches. At this point 
there is quite an extensive exposure from eight to twelve 
feet high. It is chiefly a soft, white, fine grained sand· 
stone, with some red sandy shales. 'rhis is the only 
known outcrop on the north branch which is thought to 
be associated with the gypsum. 
On the south Imll1ch of Liz31'd creck, a short dist:mce 
above the juncture with the main stream, the red sandy 
shales crop out on the cast buuk ('J.1p. 89 N" R. XXIX 
W., Sec. 26, NE. <11'" NW. !). FHl'thel' up the creek the 
exposures appeal' to be cntil'cly Cottl J\Ieasllrc shales. 
Des .11Ioiues RiveI', TJTesi 8ide.-From the month of 
Lizard creek, for ~t distance of nearly two miles down 
stream, no good outcrops of gypsum occur. At the month 
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of' the creck the red sandy shales which nrc known to 
oycrlic the gypsum on the opposite side of the river, are 
exposed ill the pit of the Fort Dodge Clay IV orks, recently 
opened. Elsl!where, also on the west bnnk of the river, 
the same shales nre found ill limited exposures. ,Yhile an 
accurate me~lslll'('ment of the maximum thickness is impos-
sible, the ontcrops illllicnte upwards of fifteen feet. The 
fil'st good ledge or gypsum met with is in It deserted qunI"ry 
welillp in the blllf!' (Tp. 89 N., It. XXVIII IV., Sec. 32, 
l'l\T. ql·., N1Y. !). .At this place sixleen feet of gYIJSUIll 
is presented. Below it are the CO:ll ~Icllsnre shales, which 
reach down to the wflter's edge. 
At the sharp bend of the river, nearly opposite nIiU 
No.2 of the Iowa Plaster COmplll1Y, the steep bluffs show 
an extensive outcrop of massive gypsum twelve to thirty 
feet in thickness (Tp. 88 X., R. XXIX 'V., Sec. 2, NE. 
'11'., ~E. i). Aboyc~ it nrc the reddish sandy shales. '1'he 
salIlO beds arc also shown ill a number of ravines which 
open hltO Lbe Des }Ioinc!"> yalley in the neighborhood, and 
the CXP05UJ'CS extend from one-half to three-quarters of a 
mile back from the l'h·er. Coni :Ml'BSlirC shales rise to a 
height of thirty-fire to fifty feet above the water level at 
this point. In the next mile and ~l lwlf only a few traces 
of the gypsum arc lloticed. 
In a deep labyrinthinc J'a\'inc one-half a mile llbove the 
]\Iinl1capolis and Saint Louis railroad bddge, numerous out-
crops of gypsum occnr fol' a di~tallcc of more than onc-
half n mile up the hnmch. Extensi\'c '1unnies haye been 
opened, the output being llsed by the Duncomb Stucco 
1\IilJ, which is Hitunted about three-fourths of a mile to the 
east, on the opposite side of the Des :Moines rivcr. At 
the Dnncoiub qual'l'Y ('rl'. 88 N., It. XXVIII IV., Sec. 7, 
N'V. '11'., N"\V. !), thick deposits of drift ovcrlie the 
r' 
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gypsum, amI the upper surface of the latter is profoumlly 
eroded into rounded hillocks and winding trenches. 
FKET. 
3. Drift .•...•.•••••.•.•••.•••.•....•.... 35 
2. Gypsum.............................. 18 
I. Shale. sandy, light colored (~xpos~d). J2 
Figurel3- 8eclioaattbelhilKOlllb2Wlrl'}', 
Beneath number 2 of the section there arc, 88 shown 
farther down the ravine, about seventy-five feet of Coal 
Measure shales between the gypsum and the water level in 
the Des Moines l"iver. 
For Borne distance down stream from the mouth of the 
ravine on which is situated. the Duncomh quarry, gypsum 
outcrops at short intervals. The last good exposure seen 
is less than a mile below the railroad bridge or nearly 
opposite the old dam site on which was formerly situated 
the Goss mill. 
Borings.- In prospecting for coal or in boring for 
water, gypsum has been encountered at a number of' 
places some distance from the Des Moines river. This 
information has extended very greatly the known range of 
the gypsum deposits, and has enabled the limits of the 
deposits to be made out with much greater accuracy than 
was at first anticipated. The results of these borings are 
further suggestive of an even wider geographical distribu-
tion of gypsum-bearing beds than was thought of hefore, 
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nnd of the directions in which the gypsum layers are to be 
looked for with success. 
Southwest of Fort Dodge and from one and one-half 
to two miles from the river, several drill holes have been 
put down in the vicinity of the county poor farm. The 
well on the poor fal'm (Tp. 88 N., R. XXIX ,V., Sec. 3, 
SW. qr., NE.!), passed throngh seventeen feet of 
gypsum at a depth of eighty-three feet. The record is as 
foHows: 
Well on lVebster County Poor Farm. 
:.>3. Soil ......... . 
CIar. yellow... . I3 
'.n. Clay, blue ............................... 47 
Sand ... 
19. Clay, "hardpan"·.. . ...... 19 
18. Gypsum........ .. J7 
17. Shale, blue, "soapstone" 6 
,6. Limerock, black ................. . 
15. Coal. ......... . 
14. Fireclay ...... . 
13. Shale, light colored ..................... . 
I:'>. Coal 
II. Sandstone .. 
Shnie, black .. 
9. Coal. ...... . 
8. Fireclay ... . 
7. Sandstone, white .. 
6. Shale, with limestone bauds.. .. 34 
5. Shale, light colored .......... . 
4· Shale, blue 4 
3. Limestone, or hard calcareous shales . .. 6 
:iI. Shale, blue 
1. Limestone (penetrated).. . .40 
One mile to the north, the Oraig ConI Company has 
prospected at the head of what is known as Elkhorn 
ravine ('l'p. 89 N., R. XXIX W., Sec. 36, BE. qT., NW. 
!). Sixteen feet of gypsum wns found at a depth of 
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seventy-six feet. A thh-d Jayer one foot thick exists just 
above the main mass and is separated from it by se,cn 
inches of clay or shale. 
Southeast of Fort Dodge, a couple of miles, n number 
of borings have been made to the east of the head of 
II gypsum hollow," showing from fifteen to twenty feet of 
gypsum at a depth of' about fifty feet. Olle of the holes 
made in township 89 north, range 28 west, section thirty-
three (SE. qr., S,V. :i) showed the following succession 
of strata: 
Soil ...................... . 
21. Clay, yellow and blue ..................... 14 
Shale, red and yellow 6 
t9. Gypsum... . ... 16 
J8. Shale.... . . ........... . 
17. Sandstone, white 
16. Sandstone, brown. 
J5. Shale, reddish .. . 
J4. Shale, yellow ... . 
IJ. Shale, dark colored ... 
12. Fire clay ... 
Shale, black. 
CoaL .. 
9. Sandstone .... 
8. Shale, light colored 
7. Shale. black ... 
6. Sandstone .. 
5. Shale, black .. 
4. Fireclay ... 
J. Shale, black. 
2. Sandstone, soft ... 
1. Limerock, black (penetrated) .... 
. ... 14 
3 
3 
. .... J 
There were other holes drilled on the same quarter 
section, each giving practically the same sequence of 
strata. 
Two and one-half miles to the southeast, on the Holiday 
farm and near by ( Tp. 88 N., R. XXVIII 'V., Sec. 4, SE. 
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qr.), fOUl' holes have been put down. Gypsum was struck 
at depths varying f,'om 50 to 125 feet, the variation in 
depths being due largely to the differences in altitudes of 
t11C surface. In the two holes fartliest north the gypsum 
was nine to twelve feet thick. Hole number 3 was Dear 
the center of the quarter section indicated: 
II. Soil. ....... . 
ID. Clay, yellow .. 
. '7 
9. Clay, blue ..... . 
.. ······'5 
8. Shale, red .. 
7. Gypsurn •.... 
6. Shale, black .. 
5. Coal. 
4· Fireclay.. . .... 4 
3. Shale, gray ... 
,. Sandstone.. . ..................... 16 
I. Shale, black 
Northwest of Kala, for a distance of one mile, numer-
ous prospect holes have been put down by "UriOllS coal 
companies. Near the center of section 7, township 88 
north, range 2R west, t.he gypsum is fifty~eight feet from 
the surface, and only one foot thick. South of this point 
no gypsum has been reported, though a large number of 
drill holes have been put down much below this level. 
Five miles northeast of Fort Dodge on the Groebner 
farm (Tp. 89 N., R. XXVIII W., Sec. 12), a well eighty 
feet in depth gave this section: 
4. Soil ... 
3. Clay, yellow above, blue below.. .. 50 
;!. Shale, red, sandy..... . .............. ,26 
1. Gypsum (penetrated) ................... . 
In the Fluttery well, which is about OllB mile enst of 
the Groebner place (Tp. 89 N., R. XXVII W., Sec. 7, 
SE. ql'., SW. i), the same bed was encountered nt a depth 
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of fOJ'ty feet, and fifteen feeL of g'ypsum penetratcd. This 
is an extension of the gypsum fully foul' miles east of nny 
pre\'ionsly known OCCl~l'l'ence. 
Disposition of Deposits. - Broadly speaking, the 
g,ypsum beds of Iowa form a broad plate at least ten 01' a 
dozen miles in length aud about six miles in breadth, with 
a thickness varying from a few to thirty or more feet. 
Through the middle of the area the Des ~Ioines riYer has 
cut a deep trench, l'emoying a narrow belt of gypsnm half' 
a mile in width, yet at the same time exposing the deposit 
in its best development, and making it more accessible 
than would ever have been otherwise. 
'raking into com:;iderntion the resultH of the recent 
geological investigations in northcentral Iowa, it may be 
inferred that the gypsnm has a much greater extent tllull 
is at present known. To all appearances the deposit lies 
in a long but narrow area not very unlike what would in 
aU likelihood bo laid down in a shallow estuary, stretch-
ing out into a broad open sea, The gypsum m'en has its 
long axis directed nearly nOJ:theast und southwest, a direc-
tion at right angles to that which it has always been 
thought to have. Starting upon the hypothesis that this 
was the true direction of' a long estuary deposit, as all 
facts seemed to point to, and that in geological age it was 
probably Cretaceous, ontcrops of the latter formation 
were looked for beyond the borders to the south west of 
any heretofore known exposures. The result was the 
find.ing of extensive chalk beds cast of' Auburn in the 
extreme southeastern cornel' of Sac county, a locality 
eighty miles farther east than uny other previously reported 
Cretaceous chalk ontcrop, and within thirty miles of FOl't 
Dodge gypsum area. Moreover, it was directly in linc with 
the prolonged axis of the gypsum deposit as determined 
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some months before. Should tbeBe observations be cor-
rect, it is to be expected that exteDsive gypsum beds 
wiII eventually be found to exist at very moderate depths 
for considerable distances beyond hoth the northeast and 
southwest limits of the Fort Dodge gypsum district. 
onIGIN OF THE GYPSU)[. 
Gypsum o.iginates in a variety of ways. Of the half 
a dozen methods by which it is commonly formed in nature 
the last here mentioned is manifestly the one which applies 
strictly to the Iowa beds. One of the most universal 
methods, perhaps, though carl·ied on usually on a compara-
tively sman scale, is by the breaking down of lime car-
bonate in the presence of the sulphates of iron or copper 
as in many clay shales. Another similar way is by the 
nction of decomposing sulphides, as iron PYlite in lime-
stone. In volcanic districts gypsum is a common result-
ing mineral, where sulphurous fumes or accidulated waters 
pass through lime-bearing rocks. The common mineral 
anhydrite taking up water, frequently forms more or less 
extensive deposits of gypsom. Still allother way and 
probably the most prevalent, is through chemical precipi-
tation. 
As already remarked, the Fort Dodge gypsum bed. 
appear to have originated according to the last of methods 
mentioned. It will be seeu hereafter that the Iowa 
gypsum deposits are probably Cretaceous in age; that they 
doubtless belong to tbe upper part of the :1Ifesozoic forma-
tion as repl'esented in the stute. At the time of deposi-
tion the area within the present boundaries of Iowa bRa 
been depressed, allowing the Cretaceous sea to invade the 
northwestern half of the te,·ritory. Owing to another 
slight oscillation of the laud the waters rapidly retreated. 
FORMATION AND DEl'OSI'l'ION. 287 
Depressions in tile old land surface would be occupied fOl' 
a wllile by saline lakes of g.'eater 01' less extent, cut off 
more 01" less completely from the ocean. As evaporation 
went on rapidly in tllese land-locked bodies of salt water, 
they would become more and more dense and assume 
greater snlinity, until finally the various salts would be 
precipitated one after another in these different bodies 
of woter. Now, these solts fall in the inverse order of 
their solubility: anhydrite, gypsum, rock salt, "and the 
others still more easily soluble. 1.'he process is not 
unlike that now going on in existing saline lakes, where 
it has been found that the gypsum is formed wltere the 
degree of saturation of the water is snch that thirty-fh'e 
to fOl·ty pel' cent of the ordinary sen water has been driven 
oft'. When more than twice this amount of water is evap-
orated, common rock saIt begins to crystallize out. With 
the deposits of gypsum and common salt so closely asso-
ciated, it seems not improbable that the latter may be dis-
covered sooner or later in the neigborhood of the Iowa 
gypsum area. Rock salt, however, is not a necessary 
l1C!companiment of the gypsum. The waters may origin-
ally never have become so concentrated as to a110w this 
mineral to be thrown down. 01', if it once had been depos-
ited upon the gypsum, percolating waters may have 
removed all the sodium chloride, for the reason that it is 
very much more soluhle than tbe gypsum, 
The conditions, however, which must have existed at 
the time of the deposition of the Iowa gypsum are mani-
festly not very unlike those which prevailed when the 
celehrated Permian deposits of rock salt and gypsum were 
laid down at Stassford, in Saxony, These, in alternati.ng 
beds, have 8 total thickness of' more than 1000 feet. It is 
a remarkahle fact, also, that the more soluhle salts which 
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are comonly not precipitated by the evaporating sea water 
are here preserved. Among them are the sulphates amI 
chlorides of lime, potash and magnesia and also the borate 
of the latter. In some of the Triassic stratn of England, 
snIt, gypsum and red rnnrl alternate with one another. 
The New York gypsum fields exhibit similar phenomena. 
Above the main gypsum beds of the Iowa region are 
numerous thin bauds of the same mineral interstratified 
with clayey OL' sandy shales. rrhis, with the narrow band-
ing of the principal bed and the relations of associated 
strata seem to point clearly to the origin of the Fort 
Dodge gypsnm 8£1. a chemical precipitate. 
GEOLOGICAL AGt.::. 
The gypsum deposits form one of the few formations 
of Iowa whose geological age has long remained unde-
termined. Recent investigations, however, have practi-
cally settled this qnestion so that now there is but small 
doubt that it is a Cretaceons in age. As remarked. by 
White, neither in tho gYI)Smll nor the associated shales 
hr1\'e any traces of OJ'ganic remains been found. .AJI con-
siderations as to relative age must. therefore be based 
upon the evidence derived from a comparison of the rela-
tions of the different formations to one another, taken in 
connection with the general geology of the region. 
The first person to touch uIJon the geological age of 
the Iowa gypsum was Owen,* in 1852. His 'notes were 
taken three years previously on a hurried reconnoissance 
up the Des ~[oines river, and his remarks on the subject 
are somewl1at obscure. N evel'theIess the impression is 
given that the gypsum beds lie comformably upon the 
-* Geology \viscomin, Iowa, Minnesota, p. 126. Philadelphia, 1852. 
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Coal ~Ieasul'c shales, :nul that they ore Carboniferous in 
age. 
,y ol'thcn,* who "isited the loculity in 1856, added 
little to Owen's observations, yet was led to belicvc 
that tIle gYPSUlll dj,l uot lie conformably npon the Coal 
:Mcnsul'es. 
I-Iall,t in his remarks upon the Suprn-Cul'honifel'ous 
Formations of Iowa, refers only incidentally to the g'ypsum, 
yet he regarded it as being doubtfully connected with the 
Coal :Measures, and as having the appearunce of' "n posi-
tion interlllcdiate with them and the Cretaceous above." 
As carly as ]865 IIalli incidentally cOl'related these 
deposits with certain red marls and fcrruginous sandstoues 
in southwestern :Millnesotn, which he regarded as "not 
older Ulan Triassic." 
Shortly afterwards ·White and St. .T ohnll directed some 
attention to the gypsum, describing the heds with consid-
erable detail. In regard to the age it is stated that" it 
therefore seems in a measure conclusive, that the gypsum 
is of :Mesozoic age, perhaps older than the Cretaceous." 
In the course of his accollnt of the lmilding stones of 
Iowa in 1884, l\IcGee§ alludes casuaHy to the age of the 
gypsum, and suggests that it might provisionally be given 
the stratigruphical designation of Fort Dodge beds, and 
be placed with the Cretaceous. 
Quite recentIy-J the geological formations of the state 
have been reviewed. In connection with the remarks on 
->- Geology Iowa. vol. I, p. 177. 1858 
tGeology Iowa, vol. I, p. 142. 1858. 
t Trans. American Philosophical Soc., (2). vol. XIII., pp. 329-339. Phila· 
delphia,:IS67· 
II Geolugy Iowa, vol. II, p. 229. Des Moine"" ISio. 
i Tenth U. S. Census, vol. X, Building Stones, p. 258. Washington, 188.t. 
~ Keyes: Iowa Geological Survey, vol. I, p. 137. Dt:s Moines. 18g3. 
19 G.Ucp. 
290 (n'psU)( DIWOSI'l'S OF IOWA, 
the Fort Dodgc beds tJlC stutemcnt was made that since 
"in the light of recent geological observations in north-
western lown, which indicate that exposures which are 
undoubtedly Cretaceous, occur much further eastward than 
had hithcrto been rcgariled, it would appeal' that the gyp-
sum beds and the accompanying overlying shales may be 
considered as Creta ceo liS in age, and thnt they were proba-
bly deposited at the same time as the Niobrara chalks along 
the :Missouri river neal' Sioux City." It was also remarked 
that the Cretaceous deposits of Iowa were laid down on a 
gradually sinking shore; that the Cretaceous seclimcnts-
Dakota, sandstone and Benton shales - ·were deposited :it 
the beginning of' the period of depression, and were after-
wards covel'ed by the Niobram chalk. But eastward f!"Om 
the open sea deposits of the last named stage, shore depo-
sitions were also formed. 'fhe Niobrara stage thus rep-
resents the greatest expansion of the Cretaceous waters 
within the present limits of Iowa. 
As already stated in regard to the origin of the gypsum, 
there is no reason for not believing that all the gypsum 
deposits of the region are to be considered as chemical 
precipitations in saline lakes which had originally been 
cut oft' from the sea <lnring a period of l!llHI elevation. 
This being the case, it would be only dnl'ing the retreat 
of Cretaceous waters in the Iowa territory that such salt 
or land-locked lakes could be formed. 
It mny be inferred then that siIlce the gypsum deposits 
appeal' to lie unconformably upon the underlying strata 
and since the only period for the fOl'mntion of the saline 
lakes was during the retreat of the Cretaceous waters, the 
gypsum deposits of li'ol't Dodge were doubtless laid down 
during the latter part of the Niobl'ura epoch. 
'!l 
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COMPOSITION AND USES. 
CllE~nCAL ANALYSl~S. 
FOl' so thick and so extensive n deposit of this mineral 
the Fort Dodge gypsum is remnrknbly pure chemically. 
1'he whiter portions show considerubly less than one and 
one-lullE pel' cent of impurity; while the darker portions, 
which are taken from neal" the base and which are used 
fol' lund plastcr, gi\'e only ten to fifteen pel' cent of 
impurity. The largest proportion of the impurity is prob-
ably clay ,yhich, however, is usull11y concentrated more 01' 
less into narrow bands. The ul'gi11aceous matter even in 
its most concentrated form seldom amounts to more than 
one-tenth of the entire portion of these thin zones which 
are culled the impure purts. The other imllUrities arc 
minnte quantities of silica in (1 finely divided condition. 
Of lime and iron there arc commonly but small quantities 
amounting to only a fraction of one pCI' cout. 
Analyses of a number of snmples of the Fort Dodge 
gypsum were recently made by Prof. G. E. Patrick. .A 
selected piece which was .slightly weathered and taken 
from the quarry which supplied :Mill No, 3, of the Iowa 
Plaster Company, showed only .65 of one pCI' cent of 
im.pul'ities. rrhis analysis gave: 
Calcium sulphate. CaSO~ . ...........••.• 78.44 
Water of Crystalization (calculated) .••.••.••• 20.76 
Insoluble matter (impurities). •..... •. .•.• • •...• .65 
99.35 
rrhree samples from the top, middle and bottom of the 
quarry face at the same locality gave the following results: 
Top. Middle. DoUom. 
Calcium sulphate, CaSO~ ...... 78.37 78.5.J- 78.44 
Water of Crystalization ... _ .. 20·75 20·79 20.76 
99.12 99·33 W·w 
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Specimens from the Duncomb quarry, on the opposite 
side of the riYer, yiehl yery similar results with the indi-
cations that the gypsum is a trifle mol'c pure, 'l'wo anal-
yses by Emery of light and dal'k bands of the gypsum, 
probably from the lower portion of the deposit, which is 
ground into land plaster, gave 98.63 amIS5.53 per cent of 
gypsum. 
A fresh sample from the middle of the quarry ledge 
above :Mill No.3, showed; 
Caldum Sulpha!e, Ca50~ '19-23 
Water of Crys!aiization (determined)... :20.23 
Insoluble matter . .8ol 
Error in analysis ..... 
It will be noticed that the amount of water of cryslaliza-
tion in this sample which was accurately determined was 
considerably lowcl'- .70 of one per cent-than the theo-
retical amount of watcr in pure gypsum. This taken in 
cOllnection with the flIei that there is a slight excess of 
lime lIud sulphuric acid in the different analyses -would 
indicate that a small amount of calcium sulphate in the 
fOl'1ll of anhydrite is present in the g-ypsnm. In this con-
nection it would also be of interest to know whether 01' 
not the ordinal'Y gypsum crystals which are so abundant' 
in immy of the formations has always the tllCoretical 
amount of water of cl'ystalization. 
PRESEN1' USES OF TfU~ IOWA G ¥PSUM. 
Stucco.-As already stated nearly all of the gY}lSUm 
produced in Iowa is converted into stucco) or plaster of 
Paris. The processes involved from the time the material 
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leaves the quarry until it appears as the finishml product 
ready for shipment ure fully c1escribc(1 farther ou. 
'rile most- extensh'c usc to which the stucco is put is 
in the finishing coat of the inside of buildillgS. Hard 
}}lnstcl' for walls also consumes considerable amounts. 
Lund Plaster.-Fel'tilizcl's arc used so spuringly in 
Iowa at present that very little gypsum is ground for this 
purpose. The total amount used in this way for 1891 was 
only valued at $4,8i:5. Consequently little need he said 
in regard to the use of this material in Iowa. 
In other states, as New York, nenrly all of the gyp-
sum is ground into land plaster. Its chief vnIlle in 
uffectillg the soil is that with ~mmolljn, which is an ele-
ment in plant food, it forms the sulphate of that com-
pound which is capable of being retained in the soil, 
whereas ordimtl'Y ammonia is a volatile gas escaping into 
the ail' as rapidly as formed. In general it may be said 
that the gypsum yields up to the soil a part of its lime in 
return for llOtash and magnesia. 
Building 1lIatel'ials • .........:.'l'hirty years ago, before the rail-
roads were constructed through the Fort Dodge region, 
gypsum was quarried lnrgely for building p1.U'poses. Not 
only were foundations and "retaining wuBs built of it but 
houses aud culverts. Split up into lnrge slabs italso sen"cd 
as :flagging for side walks on some of the pl'incipnl streets. 
Of recent years comparatively little of the material has 
been used for constructional purposes. Of the lmildings 
erected of it the most prominent is the Illinois Centrlll 
raill'oa(l station at Fort Dodge; several residences have 
also been built largely of it. As a facing for buihling 
and for cut stOlle work, it retains its primitive li"eslmess 
only for a few yem's, a decade or morc perhaps. Gener-
ally Lhe exposed surfaces become bleached and finely 
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cracked as in tho natural ledges. N otwithstouding thisJ 
boweyor, the blocks do not crumble 01' become parted; 
and the ap}learance of the building is unimpaired. 
OTHER USES TO WIllen THE IOWA GYPSUM IS ADAPTED. 
Besides the uses now mnde of the gypsum there oro 
many others which might be adopted with adyontage. 
Deodorizing.-On account of being such a good 
. absorbent of ammonia, gypsum in the powdered state forms 
an excellent matelial fol' destroying the unpleasant odors 
arising from stnbJes and sewers in cities. It may also be 
used advantageously in allaying other foul smells. 
Oements.-There are a number €?f ways in which gypsum 
may be utilized in the manufacture of cements of different 
kinds. Aside from vnrious high priced cements and mor-
tars, which IlrB used more or less extensively, there are 
several low priced articles which may be made on a large 
scale f1'om the poorer grades of gypsum, those which can-
not be utilized in the formation of stucco. 
The Straub process of manufacturing cements from 
land plaster is especially adapted to gypsum deposits 
such as occor in New Yorlt". Briefly stated, the prep-
aration of the composition consists of the use of sulphurio 
01' mUliatic Reid to which is added about four parts 
of oil or glue to retard the action of the acid. -Water 
and any calcined calcareous base with· a little silicate of 
potash al'e then added. After drying, it is pulverized and 
mixed with ten to twenty parts of calcined land-plaster. 
Portland and hydraulic cement may be .·eadily made 
from gypsum. With the excellent qualities of clay asso-
ciated with the Iowa gyps 11m, even in the same vertical 
section, unlimited qunntities could be readily and cheaply 
made in the Fort Dodge Drea. 
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811lplWJ'iv "Acid.-Tho pl'ocess of" manufacturing sul~ 
plulI'jc acid from gypsum is such thnt in the preparation 
of hydrau1ic cement the acid is collccted us n by-product 
instead of beillg allowed to go to waste, By this method 
1,260 pounds of gypsum and 400 poumls of c1ay produces 
711 pounds of Portlulld cement ond 580 pounds of sul-
phuric acid. The cost of l)l'odllction of the PorUnnd 
cement is about the same as usnaI, but the disposition of 
the sulpuric acid grent1y reduces the real cost. 
GYPSUM INDUSTRY. 
OHARAOTER OF BEDS. 
From the description of the gYllsllm exposures already 
given, the general character of the beds may be readily 
inferred. Still, there are other particulars which require 
further consideration in connection with qUllrrying. In 
some of the other localities in the United States where 
gypsum is known to occur in commercial quantities, the 
mineral is found "in conoretionary maBses scottered along 
a particular horizon of a few feet in vertical extent; or in 
comparatively thin layers interstratified with sediments of 
variouB kinds. The gypsum of New York, for instance, 
is. associated with red shales and mixed with considerable 
impnrity. In Ohio, part of the gypsum oeC11l'S in small 
masses imbedded in limestone; port is intercalated with 
thinly bedded limestones; ond pm't forms a massive bed, 
tile pOl'tion chiefly nsed being only from three to five feet 
in thickness. 
In Iowa, besides the thin sheets of gypsum which are 
included in the reddish laye1's nt the top of the formation, 
there is 8 bed of perfectly massive gypsum over thirty 
feet thick in places. This main bed has scarcely a l)al,ting 
Oi'sepal'ation of sediment 01' impul'ity. Vertical cracks a 
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few inches in width traverse the mass at intervals of 
twenty to fifty feet, but these only facilitate removal. 
The character of the beds, their disposition and arrange-
ment with respect to the associated deposits, and their 
freedom from extraneous sediments and other impurities, 
make them especially yaluable in whatever way they may 
be used. So ful' as N atul'C call do it the cost of getting 
out the llmterial is reduced to a minimum. 
}~XTEN'l' OF DEPOSITS. 
Recognizing the excel1ent character of Iowa gypsum, it 
becomes a matter of considerable interest and importance to 
determine, approximately at least, both the arcal and yorticn} 
extent of the beds, and the amount of material that is 
practically::'uyuilable. While, as already said, the deposit 
is variable in thickness, ranging- from n few feet to 
upwards of' thirty feet, it is 110t an unusual thing to 
find the maximum ·measurement exhibited in numerous 
sections. :Most of the many exposures show the mean 
vertical measurement of the gypSUlll, so that it would 
probably be no oyer estimation to place the average 
thickness of the entire bed at sixteen feet. 
A1though a part of the gypsum hae been removed 
through the erosion of the Des :Moines yalley and its 
tributary ravines, und a still larger portion has been carried 
away through solution since its original deposition, there 
yet remains an amount which is suiHcicnt to supply all 
demands for muny years to come. 
Carefnl mapping of the gypsum area, accurate meas-
urements of the outcrops, and comparisons of boring 
records have enabled the areal extent of the (Ieposits to 
he marie ont with considerable detail. In making the 
various estimates regarding the quantity of material which 
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is available, all figures are low, so thnt n wide mnt'gin is 
left, which will amply make up for llUY minor discrepnn-
cies in the calculations. 
The amount of good gypsum which different parts of 
the field will yield is of course vDriable, In the thinuer 
POl'tiOllS only 10,000 or 20,000 tons to .the ncre can be 
relied upon; on an average tIle yielcl would be probably in 
the neighbOl'hood of 50,000 tons for the snme area; while 
at those points where the best sections nre exposed, with 
the bed thirty feet and over in thickness, the number of 
tons pel' ncrc would be nearly 100)000, 
By reference to the accompanying map (plate xxi) 
_ the known areal extent of the gy}Jsum (represented by 
the green color) wi1l be seen to be in the neighborhood of 
forty-five square miles, But this doubtless is not one-half 
of the entil'e deposit. On the basis of the average thickness 
the total amount of available gypsum on the aI'oa l'CpI'e-
san ted by the map is something more than 40,000,000,000 
tons, At the present rate of production it would require 
not less than 800,000 years to exhaust it. Although the 
present condition of the industry appears to be quite flour-
ishing and important no adequate idea of the immense 
actual extent and ,'nlue of the Iowa gypsum deposits can 
be ncq!lired without making some comparison of what is 
now being done with wbat a full development would make 
possible. 
AVAILABILITY. 
The conditions for obtaining the gypsum afe exception-
ally fa,'orable. Instead of its being necessary to mine the 
mineral, 01' in quarrying it to remove large qnantities of 
hard rock, only a soft, incoherent cO\Tering is present. 
This covering, though sometimes thirty to sixty feet 
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thick, is ensily elisposee] of since the position of the 
gypsum high up in the hills enables it to be reached readily. 
At the present time the stripping is e]one by scmpers after 
the manner of ordinary highway work. Introduction of 
hydraulic apparatus for the removal of the drift material 
overlying the gypsum would greatly facilitate st"ipping, 
and at tile snme time very materially reduce the cost. Care-
fully made estimates indicate that the removal of the cov-
ering of the gypsum could be accomplished at somewhat 
less than one-fifth of the present expenditure for this pur-
pose. The deep gorges and ravines which intersect the 
region in all directions, especiaHy neat' the principal water 
course, with the gypsum lying high above the creek beds, 
makes this method of stripping particularly commendable. 
The gypsum is not only readily removed from the 
nat-m'al bed, but the facilities for transportation are 
unusually good. Four railway liues give outlets in 
seven directions with good connections with other sys-
tems, affording means of reaching any part of the BUI'-
l·qunding c(ountl'Y and especial1y direct connections with 
all the larger cities of the northwest. These railroads are : 
the Illinois Central; the Chicago, Rock Island and Pacific; 
the Minneapolis and Saint Louis, and the Mason City and 
Fort Dodge. 
PRODUCTION. 
The IJroduction of gypsum has rapidly increased during 
the last few years, nearly an of the amount quarried being 
converted into stucco. In the manufacture of plaster of 
Paris Iowa ranks second, and in the total production of 
gypsum, third, among the states of the Union. According 
to the report of the Eleventh Federal Census the total 
production of the-United States for 1889 was as follows: 
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STATE. I TONS. I \'AI.Uf:. 
Michigan...... ...•...••. ................................ 131,76, $373.740 
New york..... .................................... ..... 52,608 19,416 
Iowa.......... ........ ................................ 21,714 SS.2SO 
Kans~ls...... ........................................... 17.332 34.235 
~~~~;::\\\\\\y-:;Y/)YtLt·)~/j, 19 i~~ 
TOlal ............................................. I~;-I,~ 
Since the above statistics were taken the output of the 
gypsum in Iowa ·has more than doubled, and it is reported 
·that it has increased to something over 50,000 tons per 
annum. The stucco forms the largest proportion of the 
production, very little land plnster being made. 
Aside from the local use of gypsum as n building stone, 
from ten to a dozen carloads are annually shipped to the 
western points in the state. 
MARICETS. 
The gypsum product of Fort Dodge BUPl,lieB a wide 
market. The plaster of Paria manufactured finds l'endy 
sale all through the north,Yest, and goes as far south as 
Tennessee. Most of the small amount of land plaster 
mnde goes to Wisconsin, where it is distributed chiefly 
from ~Iihvaukee. 
MILLS AND METHODS. 
The gypsum mills are four in number. Three of them 
nre situated three to four miles south of Fort Dodge, on 
the Minneapolis and Saint Louis rnilroad. The fourth is 
only a shortdistnnce away, on the 11Jinois Central railroad. 
The mills cOllsist of: (1) Lnrge she,ls where the gypsum 
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blocks are pile(l liS they come from the quarry; (2) the 
mills proper, which are tightly c10sed buildings containing 
aB the muchinery, boilers lind kettles; and (3) storage 
sheds which are rather open strnctures, but protecting 
tllC stucco effectually from the weather until shipment. 
All the mills have private switches from the railroad, so 
that the coal used is brought in and unloaded direct1y 
in front of the furnace openings, and the output is loaded 
from the storerooms. (Plate xxv.) 
The gypsum is quarried in the same mUlInel' as ordinary 
building stone. The stripping, which is from ten to fifty 
feet thick, is removed by iron grading scrapers, each 
worked by two horses. 1'he covering is removed fol' a 
considerable distance, and the upper surface of the gypsum 
made as clean as possible. The immediate quarry faces 
are not ycry large, usnaHy not more than fifty or sixty 
feet across, though seYel'Ui of them may be driven forward 
close together in a single ledge. A number of holes are 
made near the edge of the ledge by means of ordinary 
hand drills, and large masses blasted from the bed. 
Further breaking for ready handling, into sizes about as 
large as paving blocks, is accomplished by meallS of 
sledges. 'rho material is then loaded on wagons and 
transferred to the sheds near the crusher, where it accu-
mulates in 1m'ge piles. The blocks arc then fed to the 
crusher, which consists of a heavy steel jaw working hori-
zontally against a large thick anvil, allowing the small 
fragments to drop beneath. After passing through the 
crusher the. small gypsum fragments are conveyed to the 
grinder, modeled after fiouring buhrs, but somewhat 
coarser. Corning outas a flour-like pl'oduct, it is curr·jed to 
the kettles, which are large iron vats under which heat may 
be applied, and which hold about six tOllS. Here the gypsum 
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is hen ted 01' "boiled," by which pl'oeess the wntel' is dl'h'en 
oft'. The heating process takes about one anelone-holf 
hours, and the filling of the kettles about as much more 
time. Considerable fine gYllsnm goes oft' with the steam, 
and passing up the tnll smokestack spreads out and settles 
upon e\'ery object within a radius of a quarter of n mile. 
The mills, sheds, trees and ground ]lOve the appea1'8nce of 
being covered with snow, forming in snmmer time a very 
striking effect. After" boiling" sufficiently the stucco 
is allowed to coo], and is transferred to barre1s or bags 
and made ready for shipment. 
Several yeor8 ago an improved method of en1cining 
the gypsum was patented for the Fort Dodge Gypsum-
Stucco Company. It is known as the ~Iarsh process. 
Previously gypsum 0'· plaster had been calcined by 
placing the material in a metallic "essel, which was pro-
vided with flues extending upwardly from different points 
in its bottom 01' horizontally from different points in its 
sides, to heat the plaster in the body of the kettle. The 
kettle 01' vessel was heated by fire built beneath and about 
its bottom in the usual way. This process was liab1e to 
severa] objections. First, it was expensive, because the 
bottoms of the kettles were costly, uud as they burned 
out rapidly, required frequent replacing by new ones, 
occasioning much expense as well as lOBS of va1uable tim,6 ; 
secondly, the process was wasteful, owing to leaks through 
tl)e bottoms, which frequently and unavoidably cracked 
when. the kettle was full of plaster and undet· a full head 
of fire, t4us causing much loss of plaster as well as delay 
for repairs; thirdly, th.e process was generally unsatisfac-
tory, for the reason that, it was impossible to maintain 
uniformity of heat in boiling kettle after kettle, or in 
several kettles run at the same time, which resulted in 
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gn'lllg a product dift'ering in quality ncconling to the 
difference or irregularity of heat with which it was treated. 
'~rhe object of the new methml was to overcome the 
defects mentioned, to secnre perfect uniformity in the 
application of l)eat, and in the quality of the product, as 
wel1 as generally to improve the method of' calcining 
gypsum. 
The invention consists essentially in employing steam 
to expol the water from the gypsum and reduce it to a 
friable state, and in the construction und arrangement of' 
u,mechanism by which this result is accomplished. The 
apparatns embraces a kettle with an agitator and coils of 
pipe instead of- a steam jacket about its inside. 
The kettle which may be of any desired size, but pre-
ferably six or seven feet high and nbout eight feet in 
diameter, is provided with a bottom, concavo-convex in 
form, riveted to its sides. A contilluoua steam jacket is 
formed in the bottom and sides of the kettle by a casing 
or cylinder extending to a point near the top of the kettle 
and fit'mly secllre(l at interyals thereto by bolts. The 
casing also is provided with a bottom fashioned to COl'-. 
reRpond to the outer bottom and riveted to the cusing in 
a similar manner. There is an inner jacket having about 
half the diameter and extending about two-thirds the 
height of' the outer jacket. It is snpported a short dis-
tance above the floor or bottom of the kettle by foul' 
fhmgcd feet or standards. which are secured to the floor 
by screw bolts. A steam pipe, the outer extremity of 
which may be connected to any ordinary boiler or other 
source of supply, and passed through the furnace where 
it is lapped 01' otherwise bent to expose tlie required extent 
of surface to the action of the heat, enters the jacket at 
the bottom of the kettle. A cock 01' vah'e in the pipe 
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scryes to regulnte the flow of steam to the kettle. A 
short connecting-pipe, with its emls tumed in opposite 
directions, hns one extremity entcring the inncr jacket 
immedintely bebind 01' within one of its standards, ami 
the other el\d penetrnting the bottom jacket at the side of 
the stundard. A section of stmight pipe auswm·s fully 
us well to estuhlish communicatiou between the jackets. 
An exhaust 01' drip-pipe extends from the bottom of tbe 
kettle tbrough tbe jacket, and tbe jacket likewise is jll"O-
yided witb a drip-pipe entering the bottom of the kettle 
near its outer edge. Both pipes al"O fumisbed with suit-
ahle cocks to control their action. A discharge-pipe, 
which extends through the jacket to thc interior of the 
kettle, is proyided with a vulve bnving a rod 011(1 wbeel-
handle for opening a11(1 closing. This rod is mnde 
of considernble length to avoid contact with the intense 
bent about thc kettle. In the bottom of the kettle 
is n shnft having a bearing of any suitable form. 
To it is secured an agitator, consisting of n cl'osshead 
carrying hangers, which 8re .collnected to a crossbar 
secmed on the lower end of the shaft. The hangers serve 
to ngitate the gypsum ill the space between the two jack-
ets, while the crossbar moying OYer the bottom, serves a 
similar pmpose within the inner jacket. The top 01' cover 
of the kettle is provi(led with a door, through which the 
gypsum is introduced, and n flue 01' llipe, for carrying oft' 
the vapor genernted in the calcining process. Notches 
are formed in the top of the kettle, in whicb are placed 
wood eli. or metal barB to aid in supporting the coyer. 
In operation the steam passing through the supply-
pipe is superheated by the fumace to any desired degree, 
the mensure of which may be detel:milled by a thermom-
eter or other appliance, and entering the onter jacket ill 
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the bottom of the kettle, is equally distributed by its own 
pressure to nil parts of the jacket, and to the interior of 
the inner jacket, through n pipe. By this means is 
obtained not only the amount of heat required to calcine 
the gypsum under treatment, but a control to its quantity 
and degree, whereby uniformity. of heating and of the 
quality of the product are easily and certainly secured. 
There is a IllQ(lificatioll of the strnctnre just described 
in which the coil of pipe is arranged on tllC inside of the 
kettle instead of the side jacket, the pipe, connecting with 
the bottom jacket at the side and coiling downward, has 
a discharge or drip extending through the kettle near its 
bottom. A further modification contains two, instead of 
one, inner jackets. If it should be found that the gypsum 
in the hmly of the kettle does not dryas rapidly as that 
which is more exposed &bout the sides, two or more inte-
rior jackets may be employed; but onc is deemed sufficient 
fol' it kettle the size mentioned. In other respects the 
construction of the modifications is the same as that 
described at first. It is not absolutely essential that the 
steam should be superheated, as fair results may be 
obtained by using steam directly from a boiler; but super-
heating improves the strength and qnality, and makes it 
thoroughly effective to do this work. 
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SIZt; AX]} POSl'l'JON. Bon 
INTRODUCTION. 
AHI';A AN]) LOCATIOK, 
Lee county occupies the extreme sOllthenstel'Jl cornel' 
of lown. In shope it is very irregularly trnpezoidal, with 
un Deute angle cxtcndiug in 11 southeasterly direction and 
forming the sonthernmost point 01' the stDte. Thrce-
fourths of its boundary is mnde up of lnrge streams, which 
sepomte it from the two stutes of Illinois alUI Missouri 011 
thc east and sonth. It thns holds a somewhat isolated pos-
ition gcogrnphicnlly, IlS compnl'cd with the other connties 
of the state. The entirc eastern horder is washed by the 
great "Father of Waters." Northenstwunl the Slillllk 
I'h"cr forms the boundary between it and Des 1\10i1lC8 
county. On the west flows the Des Moines l'iver. 'Tnn 
Buren aud Henry counties bound the northwest quarter 
of the district The greater pOl·tion of Lee thns lies in the 
apical pOl·tion of the broad triangular area Iyillg between 
the Des Moines and Mississippi riYers. The total arca is 
a little more than 500 Rqn",~e miles. 
PUEYIOUS WOUK. 
·Although considerable geological investigation hils 
been carried on in Lee county during the past forty yem's, 
ithas beenCBl'l'ied on chiefly in the intercstof pUl'e science. 
The results have been incOl'pOl'Dted mainly in short papers 
which. are now widely scnttered through I'erodicnls D11(1 
ollicial reports of other states. No systematic examin-
ation o( the county's· mineral possessions has heretofol'e 
been made. 
Among the early workers who visited this I'egion was 
D,·. D. D. Owen, who under the auspices of the Federal 
land ollice, undertook to study the mineral lands of the 
northwest during the yeRl's 1847-1850. To him mnst be 
:?IO.ncp. 
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credite(l the honor of gil-ing to tho scientific world the 
first accurate accollnts of the geology of the region. In 
] 858 A. H. "\V orthell, afterwards State Geologist ofIllinois, 
made a hurried reconoissance of the county and his brief 
description is given in Professor James Hall's report. 
Twelve years later appeared Dr. C. A. White's geological 
account of the state. The references made in this report 
to the geology of this part of Iown are briof and very gen-
eral ill character. 
Dllrillg the llHst few yeal's several important papel's on 
the geology of the region abont Keokl!k have appeared, 
but they nre strictly scientific in their bearing and discuss 
problems of wide geological intel·est. 
The formations exposed within the limits of the county 
are geologically among the most interesting occuring in 
the Continental Interior. TIle sections along the ~Iissis­
sippi river betlveen Keokuk and Burlington have become 
classic in the Bllnnls of geological science. They were the 
starting point for the classification of the great series of 
Lower Carboniferons limestones throughont the entire 
Mississippi basin. It was in southeastern Iowa that tbese 
rocks were iirst defined and described according to mod-
ern geological methods. FJ'om this locality the strata 
have been traced with scarcely a break into the northcen-
tral part of the state. They stretch out in an irregular 
zone southward to the month of the Missouri river, where 
a branching takes place, one arm passing westward aronnd 
the Ozark nplift and con tinning to the sonthwest far into 
New Mexico; the other arm extending eastward and sonth-
eastward through Illinois, Indiana, Kentucky and Tennes-
see into central Alabama. Thus even from a historical 
standpoint the rocks of Lee possess much more than 
ordinary interest. 
TOPOGUAl"IIIOAL F"'~ATURBS. an 
PHYSIOGRAPHY. 
SURl<'ACE IlELIEF. 
Lee county occupies an elel'ftted plat"au whose surface, 
for the most pm·t, is gently uudulating or rolling. This 
hroad general plain continnes without serious inte1"l'up-
tion nearly to the margin of the area. There it suddenly 
drops a couple of hnndred feet or more to the water-level 
of the hounding streams. This mlll'ginal declination is so 
abmpt, that there are forme,] on all sides steel' declivities, 
often running into bold muml escarpments with prominent 
salients. Everywhere in the immediate vicinity of the 
plateau border, steep-sided ravines and deep gorges have 
been cut. In these the torrential water-courses dash 
a"long in their narrow heds, breaking here aud there into 
foaming mpids or miniature falls and cascades. A short 
,Iistauce hack all these rivnlets flow gently along in broad 
valleys, their respective drainage basins forming shallow 
swnles in the general upland surfnce. Broadly speaking, 
the district then, may be said to be characterized by the 
plain level and the forms ,impressed upon it by post-glacial 
erosion. This is not strictly true, however, as a careful 
consideration of the phenomena prcsented show that 
the present drainage is in large part dependent upon 
conditions ante-dating the glacial period. Viewed in n 
broad way the area comprises two wide, shallow troughs 
trending and sloping sontheast To tIle northwest these 
depressions merge into the general level of the plain 
itself." The axis of the more northerly of these tronghs is 
occnpied by East Sugar creek and its branches; the other 
by the West Sugar. The narrow divide separating the two 
basins terminates at the high salient overlooking the Missis-
sippi, known as "Keokuk Point" The line of the Keokuk 
and Northwestern railroad closely follows this ridge. 
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The area between the Enst Sugar and Skunk river is 
tl'cnched for a part of the way by Lost creek; while a 
simi1ar irregularly elevated district constitutes tIle divide 
between West Sugar creek and the Des l\[oines river. 
rrhese plateaus represent the portions remaining of the 
original gently southward sloping plain upon which the 
present mOl'C 01' less incised topography has been impressed. 
Along the Des 'Moines river the narrow valley is bOl'-
dered for the most part by steep bluffs, intersected by 
small ravines, with abrupt, widely branching, dentritic 
systems and short, steep, V-shaped trenches. A similar 
topography prevails between lfontrose and Keokuk along 
the Mississippi. Above Montrose the bluffs are destitute 
of rock exposures and, wMIe generally high and steep, 
nre characterized by the rounded contours so common to 
drift regions. So also the absence of rock between Sand 
Prairie Hud the mouth of the Des Moines is marked by 
similarly rounded "bluff outlines. 
The profile (plate xxvii, figure 1) along the line of the 
Keokuk and N ort.hwestern l'ailroad expresses the general 
southeastward slope of the plateau. In approaching Keo-
kuk the railroad leaves the divide and follows the vaBey 
of Soap creek. The continuation of the plateau is indi-
cated by a dotted line. A second profile transverse to 
the last shows the manner in which the plateau has been 
intersected by the drainage systems (plate xxviii, figure 1). 
The highest place in the county is 'Vest Point, which 
has an elevation of 758 feet above -tide; the next highest 
is Big Mound with an elevation of 748 feet. Lncrew 
which" stands on the main divide almost direct.ly between 
these points has an elevation of only 709 feet. It is evi-
dent, therefore, that there is a very considerable depres-
sion between the two points. 
J<:LB\-A'I'IONS. HI3 
'.rhe accolllpunyiug table of ele\'utiolls gives the most 
reliable estimates derived from alll'ecords a"ailable. Dis-
crepancies at llUlllet'Ons places have been found in the data 
at hand, but care has heen taken to eliminate all the m'rol'S 
possible: 
l~,hk <If AlIillllh.~ in La ('mUll!), /0"11. 
-1~:1~-\'1: I 
I i;~tt~T: 
----
Arygle. 
I 
'9' 66S c., S.F. & C. RR. Belfast .•..... ..... 6S 545 Dt:S Moines Valley RR. 
Big Mound 27 f 
'4S Barometer. Charleston •....•• 2 17 694 K. &NW. RR. 
Cottonwood. 
---::::1 
'36 "3 C., Ft.M. & OM. RR. Croton ...... 73 550 Des Moines VaUey RR. 
Donnellson .. .......... 
"9 696 K. &NW. RR. Fort Madison: 
Low water level 
'5 502 l\Iissis~ippi RiVer Com. C., S.F. & c. RR .. 40 522 C., S.P. & C. RR. 
Franklin ............ 
"9 699 C, B. & KC. RR. Galland (Nashville) 3" 507 U. S. P. B.M. Keokuk: 
Low water level ..... a 4" Mississippi River COlli. Union Depot ..... ,8 505 st.L., K. & NW. RR. 
H ltbinger well .... : ..... ,60 637 City Water Works. 
Fourteenth & Grand Ave ,,8 655 City Water Works. 
Lacrew ... 
'3' 709 K. &NW. RR. Mount Clare ... '02 679 K. & NW. RR. 
l\Iertensville .. 23' ,oS C., Ft.M. & D~t. RR. 
Montrose: 
Depot ...... .................. .6 51~" St.L., K. & N\V. RR. 
LOI\' water .... 
'3 500 )tisc;issippi River Com. New Boston .... 
'" 
689 K. & NW. RR. Pitman 
'" 
714 C., FI.M. & OM. RR. 
Pilot Grove ............ _ 16:) 645 c., Ft.M. & D~1. RR. 
RR. Crossinj;!' (near ~Ierte~~ill~'): 
C., Flo"l. & n.M. track ........ 1 
'09 686 C., Ft.l\f. & DM. R~. K. & NW. track .. I "3 ,00 K. & NW.'RR. Saw}'er. .... 
--I 234 '" C., Ft.M. & DM. RR. Saint PauL ..... ,66 643 C., Ft.1\I. &D1\1. RH. Sand Prairie ..•. ,6 553 Des Moines Valle}' RR. Sandu .. ky ..... 
-[ '9 506 51.1..., K. & NW. RR. Su~ar Creek: 
East, on RR. bridge. 56 ,,)26 C., B. & KC. RR. 
West, on RR. bridge .. ! 
'46 6'3 C., B. & KC. RR. Summitville .. 
'93 6iO K.&NW. RR. Viele .......... . . . . . - . . . . . . . . . . . i 56 533 c., B. & KC. RH. 
West Poinl. 2fh 7SR C .• Ft.M. & D~I RR. \Varren ..... ,,6 
'03 C, n. & KC. R1L \Vever ..... 
-- ·········-i 65 542 SU •. , K. & N\\'. RR. 
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In the lower portion of their courses alluvial IJlaius 
always border the smaller streams. On the :Mississippi, 
however, the river bottoms have an important develop~ 
ment at two points only, one being in the triangular ar~a 
between the mouth of the Skunk river and lI'ort :Madison, 
and the other in the crescent-shaped tract between l\Iont-
rose and the great lobe of drift which, a short distance 
above Fort Madison, meets tIle river in almost vertical 
bluft's one hundred and fifty to one hundred an<l eighty 
feet ill height. The more northerly of these alluvial dis-
tricts comprises nearly the ,yhole of Green Bay township; 
while the other includes a large part of J eft'ersoll township 
and a small part of :Montl'ose. Near the river the plains 
arc low and wet, intersected by numerous sloughs and 
subject to overflow during the stages of' high water. Far-
ther away the surface rises in a series of sand termces to 
a height of about fifty feet, where it meets the bluffs OIl tbe 
west. In both Ul'ens three or fonr well marked terraces 
occur, each varying fi'om five to fifteen feet in height. In 
the upper plains these embankments converge toward the 
south; while in the lower they are llpproximately paralJel 
and correspond in direction to the crescent shaped outlines. 
rrhese terraces represent the flood watel'stages of the rivel' 
in times somewhat remote, yet subsequent to the deposi~ 
tiOll of the drift which once covered the area ancl which was 
removed by the riYer in the process of widening its valley. 
Another plain exactly similar in character to those 
already described and evidently hn viug the same origin, 
occurs at Sand Prairie on tile Des :Moines. Above this 
point on thnt riYer and below :hfontrose on the 1tlissis~ 
sippi, the streams flow in comparatively narrow channcls, 
bonnded by more or less abrupt rock escarpments which 
rise directly from the water's edge. 
IIYDHOGUAPHICAL CHARAU'I'EItISTWS. :.31:"; 
UHAINAOE. 
The drainage of' the county plisses through thl'ee impor-
tant rivers, Due of' which finally receives the waters of the 
other two. They nrc the l'tIississippi, the Skunk und the 
Des ~Ioines. 'rogethel' they form mol'c than thl'ce·folll'ths 
Figure '4. l'ike!ch :'ofaporI.ee County, ~ho .... iug Drainage. 
of the bouudury line or the di~tt'ict. rrlu~ immediate 
drainage areas of the bounding stl'enms is relatively nwy 
smnH, and is aceomp1ishecl by menns of nnmbCl'le;s 
short rivulets which cnt t.he margin of elevated npluml 01' 
platenu. Almost the entire ~ll'ainage of the urea is eft'ectcII 
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by three creeks, nIl of which rise neDI' the extreme north-
western corner of the county . 
... l11ssissippi River. This stream Imsses nlong the entire 
easterll edge of Lee, in a southwesterly direction 01' nearly 
at right angles to the dh'ection of the genel'al drainage 
slope, Except at two points, below FOl't Madison and 
east of Wever, it flows in a rock-bonnd gorge, baving 
.Imost pel'pendiculal' waUs, '1'he faU of the I'ivel' between 
Fort. :Madison and I{eokuk is twenty-five feet, 01' an aver-
age of about one and two-thirds feet pel' mile. FroID 
Fort Madison to Montrose, however, there-is a fall of but 
two feet, so that the gl'eatel' pal't of the descent takes 
place in the nine mUes from 1t.lontl'osc to Keo~uk where 
the st,'eam passes ove,' t~e chel't beds at the top of the 
Burlington limestone. This gives an average of a little 
morc than two and one-half feet per mile, between the two 
})oints last mentioned, 
Des Moin.es R·il'eJ'. For morc than one~half its dis~ 
tauce in Lee county the Des Moines river like the Missis-
sippi flows in a. narrow gorge-1ike valley, with little" or no 
flood plain. 'l'owRrds its mouth, however, the stream 
meanders tlll'ough the broad bottoms of the Mississippi 
which abl'uptly begin to appea. a few miles below Keokuk: 
'fhe river flows in a southeasterly direction, its course 
coinciding c]osely with that of the general drainage of 
the entire area. The small rivulets emptying directly into 
it seldom reach ,-ery faJ' back into the interior, rarely 
more than three 01' fOllr miles. The Des Moines river 
between ·Furmington.ond its confluence with the Missis-
sippi~ has a fall of about forty-eight feet, 01' an average of 
nbout one aud thl'Ce-fifths feet per mile. 
Sl~wlk River. The third most important water-course 
is the Skunk river. which has n general southeastward 
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eotu'se plll'allel to the Des ~Ioines, and like thllt stream 
dmins II vCI'y narl'OI\' belt of tm"'ilOl'Y, 
In/eriOl' St"CUIIIS, As IIlreo,\y stilled the connty is 
d .. lilled chiefly by three IlII'ge creeks, The princiPIII one 
is Sugar Cl'Cek in the westel'n pa,'t.. It flows into the Des 
)Ioines II fell' miles obove the month of the Intter, 
1Vest Sugar creek is marked throughout its course by 
rounded, drift-covered slopes, Its chunnel is confined 
entil'ely to the drift, in which it has ellt a rather wide 
trench usually with steep blinks, In the upper part of 
its course the stream tlows southeastward, appl'oximately 
parallel to the Des )Ioines river, hut wheu it meets the 
smull hl'Ruch "ising neal' MOllut Clara it turns abruptly 
southword iuto the Des )Ioincs, The fact is significant, 
for the small branch is developing its chonnel in the clays 
filling au old lI'ench of the :h'Iississippi, while the main 
stream is making a eomporatively feeble like effort to 
l'Cvil'e an old channel of the Des Moines, 
East Sugar creek t~kes its rise in the sontheastm'lI part 
of Henry county, lIows southeastward and discharges its 
waters into the ~Iississippi ab;'ut midway between Fort 
Madison and Montrose, In the upper part of its course 
it lIows over glacial deposits, but penetrates tbese in the 
soutbenstern part of ~Iarion township, exposing the under-
lying Coni Mensmes and Saint Lonis limestone, the latte!' 
as ror down the stream as the sontherlllJa"t of West Point 
township, The irregularities in different beds of the for-
mation bave consml more 01' less abrupt dellections in the 
course of the main stream and its tributaries in this pn1't 
of its course, This featnre is easily recognized on the mop 
Imd thns becomes 811 index to the uueven character of thc 
rocky 11001', 
318 
Lost creek is smaller than eithel' of the two just men-
tioned. Its conrse is near the Skunk river and parallel to it. 
'l'he other minor creeks flowing eastward into the lIissis-
sippi are Jack, Lamelee, Price and Soap; those emptying 
into the Des :Moines nre Lick, ~Iumm muI ~fonk; nil of 
which are quite small. The parallelism and southeasterly 
trend is a very marked feature in the streams of Lee 
county and evidently is but an expression of the general 
drainage slope of' sonthenstern Iowa. 
STRATIGRAPHY, 
Geological Relations of Formations. 
[.rhe rocks of Lee county consist orc 1) H series ofmol'e 
01' less evenly and regularly bedded deposits comprised 
chiefly of limestone, sandstones and shales, and (2) a 
mantle of incoherent clays and sands which covers the 
harder beds. 
The stratified, or indurated, rocks are almost entirely 
I,owel' Carboniferous limestones. These form the great 
basement upon which the Coal Measures of the region 
were laid down. Although lying all the extl'eme eastern 
margin of the western interiOl' coal field and having the 
basal limestones exposed over a large part of its surface, 
there are in Lee county severnl areas, in the aggregate of 
considerable size, which are occupied by Coal nleasure 
strata. 
All the bedded rocks hal'. been subjected to profound 
erosion which has carved out deep channels ~nd llumber-
less minor depressions. O\'er this uneven surface the gla-
cial materials hnye heen spread, oh~cul'ing in great purt 
HEOI.OtiIVAI. }'OH~I..A'I'IO:XS. :11 !I 
the harder rocks, ouhsequcnt :lction of 1'(lUning wnh~I'S 
has cut throngh the drift mantle find 1nicl bare the lluclel'-
lying stm!n at many plnces. 
'rhe general scheme of classification of the geological 
formations exposed within the limits of the county is 
shown in the accompanying table: 
Ceno7.oic Pleistocene. 
Coal Measures. 
--j-
! Terrace. 
Drift. . Loess. 
1 Till. 
Des l\f-~ines.l-;asal 5~ud5tO(le 
, and shales. 
I-~-----
St. LOllis. I Concretionary 
, ~nd brecciated i limestones. 
-----~---~ 
I'aleowic. CarbonifNou5 Lower \Varsaw shales. 
Carboniferous. Geode shales. 
(Mississippian)! AUJI,usta. ~~B~~I~~~~:~tone. 
limestone. 
L. BUrlin}!"ton i limestone. 
! K;~~ .. ~oo~l~hal" 
Ueneral 8el:lion.-1'he total thickness of the rocks 
exposed nbove low-water level in Lee county is not far 
from 400 feet, though the actual vertical measlIrement of 
an outci'op at anyone place is proh.l1bly nowhel'e more th~lJl 
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Fh:ur~ 15. GI'II<"rai Geological S«lion. 
olle-half of' this max-
immn. Numbers 1 
to 5 m'e best exposed 
j lIst across the 
Skunk river, 11 ear 
Patterson station in 
Des :Moines county 
(section 1\'); 5 to 
fl (11'e well showlI at 
seYel'ul points on the 
snrne s tl'e a m be-
tween its lll(mth and 
Augusta (section 
XVII); fl to 16 are 
well exhibited at the 
mouth of Soap creek 
(sectioll II); 12 to 
27 outcrop in the 
bluff lit the old 1>1c-
Ga vic mill site ( sec-
tiOllI); 28 to 30 are 
founel in numerons 
places capping the 
bluffs "round K eo-
kuk. 'rllese several 
outcrops serye as 
standards to which 
nIl sections in th e 
COlillty may he read-
ily referred; and 
they may therefore 
be described lIIore 
in detail. 
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Typical Exposures. 
S~'ANDAJm SBCTIONS. 
About two miles below the Uuion depot at Keokuk, 
ill the yicinity of the old l\IcGnvic mill, the bluft's m'c high 
nnd almost perpendicular. Here is exposed n nearly com-
plete section of the rocks of the COl1llty (see plaie XXIX). 
L }Jz,(tr 8e('/ioll (If md jlfcGario jlfill. 
FEET. 
17· Drift ...................•............•..•.. · ...... 3D 
16. Shale, gra)', da)·ey ............................. . 
'5. Sandstone, ferruginous ........................ . 
l.t. Shale, black, fissile, filled witb small nodular con-
cretions... ......... .... ...... .............. 3 
13. CoaL............................................ I~ 
l<lre clay and light colored shale, passing into a 
coarse. quartzose sandstone, tbe latter becoming 
massive and well developed locally; 2 to 6 inches ~.~ 
Umestone. brecciated. fragments small and large, 
with interstices filled with green day j varies in 
thickness from 10 to 3D feet ................ . 
Sandstone, massive, blue, calcareous, weather:; 
brown i quartz grains more or less angular. and 
sometimes large, approaching the size of small 
pebbles; quarried at several places ......••.... 
9. Shale, blue, argillaceous ........................ . 
8. Limestone, coarse, encrinital, gray, quite rossilifer-
oUs, not persistent. .......................... . 
7. Shale, blue. argillaceous; becomes somewhat friable 
on weathering .•.•.•................. " .•.•.••.. 
6. Limestone, blue and brown, magnesian, irregular in 
development ...•..............•........... 2 to 3 
5. Shale, argillo·calcareous, breaking down readily to 
a yellowish clay. No geodes at this point, but 
abundant farther north......... .... ........... 18 
4. Shale. calcareous, with bands or chert, and irregular 
layers of thin·bedded. gray limestone. which are 
increasingly prevalent towards the base........ 14 
J. Shale. blue....................... ..•.••.•.•..•. Jf 
2. Limestone.. blue. encrinital, coarse grained. compo--
sitiDn and stratification somewha variable. 
nodular chert in considerable quantity........ 12 
f. Limestone. blue, encrinital, bJack impressions of 
O,'Izis /teo/lNk abundant; .. White Ledge II of 
quarrymen····························.··.3 to 4 
H22 {a:OLOGY O}~ LBE COUXTY. 
The members 01' this section muy he groupe,] geolog-
ically as follows: 
Pleislocence (No. Ii ).. 30 
Lower Coal Measures (12 to 16 inclusive; 23 to 27 gen-
eral section ).. . 10 
Saint Louis ( 10 and II ; 21 and 22 general section ).... 28 
Augusta: Warsaw formation (6 to 9; 19 to zo general 
section). 
Geode Shales (3 to 5; 14 to Hi general section).. ." 30 
Keokuk limestone, proper ( I and 2; 12 and 13 general 
section).. 66 
The base of the section is the track of the Chicago, 
Rock Island & Pacific railroad which is here about thirty-
five feet above the level of the nIississippi river at low 
water. One mile above this place near the mouth of Soap 
creek there is shown the following section in which three 
of the beds lying below the base of the previous section 
arc given. 
II. Bection at Mouth oj Soap Creek. 
FEET. 
j. Shale and chert.. 
6. Shale, calcareous, with intercalated beds oflimestone ; 
some geodes ..... 
5- Limestone, drab, impure, heavily bedded, shaly 
below .. 
-t. Limestone, light colored, with nodular masses of 
chert; the" White Ledge" .................... . 
3. Limestone, argillaceous and massive, or massive, cal· 
careous shales j with subspherical massess of cal-
cite, sometimes carrying millerite .....•...•. 5 to 
:1. Limestone, coarse, gray, encrinital; with much 
chert .........•.. 
I. Limestone, with chert in irregular beds (exposed) .• 5 
The section given discloses the strata which are 
exposed abo\'c the water 1evel of the stream. In regard 
to the chamcter of the rocks below the level of the river it 
l>EBP WELL ~\'I' ICEOI(UK. H2H 
is of interest to note the results of sinking several deep 
wells whieh have reeently been put down at Keokuk to 
depths of nearly 2000 feet beneath the base of' the expos-
ures mentioned and o\'er 1150 feet below sea leve1. 
The record of the Huhinger well especially, was very 
carefully kept by ~Il'. C. H. Gordon. The list of bm!. 
passed through and theil' probable position in the genel'uI 
geological section of' the state arc given below. 
TTI. RC('OI"d ~t nuhinyel" Well, Iieol.;nk. 
TIIICI>:NESS. 
19. Clay and sand, houlder day below Pleisto· 
eene ..... 
loS. Limestone, (Saint Louis L .. . 
17. San(btone ........................... . 
16. Limestone, (Augusta. 12 to 16). 
15. Shale .. 
q. Limestont> ........... . 
13. Shale. 
,8 
" 58 
6, • 
,8 
33 
JS 
50 
..,8 
'70 
,So 
Limestone. 290 
If. Shalt", (Kinderhook, 10 find II j.... ... .... 65 .155 
Limestone ... " .165 
9· Shale, (Devonian, 7 to 9 J ................ 195 560 
S. Limestone, shaly.. . ..... ~ ............. 65 625 
7. Sandstone, (water) 6.JS 
6. Limestone, sandy in part ( Upper Silurian, 
5 and 6 ).. 55 700 
5· Sandstone, (water).. 37 737 
4. Shale, (Lower Silurian, I to 4)........... 63 800 
3· Limestone, arenaceous in lower part ...... 140 940 
:2. Sandstone, fine, whitt!. . .... . .. .. ... 110 1050 
1. Limestone, alternating with sandstone, chips 
carried away by water.. ... . 755 I80S 
The correlation of certain of the above formations is 
evident. Number 2 doubtless is the Saint Peter sand-
stone. Four may represent the lIfaquoketa shales. Ten 
appears to be the northward attenuated extension of the 
Louisiana limestone of Missouri. Eleven seems to be the 
shales of the Kindm·hook, so well exposed at Burlington; 
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ill Missouri the media]) member 01' Hannibal shale. 'llllC 
lower part of 14, together with 12 and 13 p"obably corre-
sponds to the Burlington; while 15 and 16, and the upper 
part of 14 represent the Keokuk. Eighteen fOl'ms the 
Jower pal't of the Suint Louis. 
)IISSISRJPPI HIYBH SJ.~O'l'IUXS. 
·Along the uIississippi river (see plate xxvii, figure 2) 
lIutural exposures nre almost continnous from Ifeokllk to 
heyond Augusta, so that the entire eastel'll horder of the 
county from the mouth of the Des )Ioines, at the extl'eme 
southern point of the district to the north county line on 
Skunk river, may he regarded us open to view above the 
water leve1. The two lending lCeokuk outcrops, the one 
lit the old nlcGavic mill lind the one at the mouth of Soap 
cl'eek, have' already been noticed. In the latter section 
there often exists between Ilumbers 2 and 3 lenticular 
layers which bear numorOUR forms of fossils, chiefly crin-
oids. In some cases the decomposition of beds 3 Ilud 4: 
exposes large numbers of the fragmentary remains of 
brachiopods, particularly 8pil'ft'el'(( keoklll' Hall. Two 
constitutes the base of the Geode shale. In the two sec-
tions mentionccl there is shown nem'ly the ful1 thickness 
of what has been widely known as the Ii:eokllk group. 
The limestone formation fully shown ill the second ( II) 
of' the two sections has a total thickness of about twcnty-
five feet. The upper part is well exposed along the bluft· 
between this point and the Union depot us well as between 
Soap creek and the mouth of the Des ~Ioines river. 'l'he 
base of the Keokuk limestone is he),e somewhat below 
the lcvel of' the railroad track. A gradual descent of the 
beds to the no)'th brings the Geode bed nearly to the level 
of the l'8ilroad track above the lowel' lock of the canal, 
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but this does not seem to continue vCI'y I'llI', liS the top of 
the :Montrose cherts is five to fiftecn feet IIbove water 
Im'el aU the wny to Montl'osc, 
The rocks exhibited in section 11 lire exposed on SOli II 
cl'oek for somc distance above its mouth, as lire IIlso tho 
overlying rocks iu ascending ordcr, Abont one-hlllf milo 
IIbovc, uellr Twelfth stroet, thore is presonted : 
VII. Soap Oreek, "em' TWf!/t111 SII,""I, }{eokuk, 
• PERT. 
6, Unexposed .....•............... _...... ......•..... 10 
5. Shale, blue, claye)' _ ........ - ....... - .. ' _ .... _ -3 to 
.,. 1..ime.'itonc, magnesian, blue; weathering to brown; 
tbin band or chert at middle ..•.•......•...... 
J. Shale, calcareous. but readily breaking down upon 
exposure; geodes numerous, generally small 
and thin shelled .... _ ... __ .' ... _" .. 
2. Shale, calcareous, massive i breaks down less readily; 
cherty above, geodes larger ..............•.. _ . . 20 
I. Limestone, gray {eJCposed ).... ...... ....... ..... t 
Numbers 4 lIud 5 eoustitute the bllsal part of the 
1Varsaw formatioll, while 2 lind )I represent II maximum 
deyelopment of tbe Geode shales, About one-balf mile 
above this locality number 4 is _quarried; alld a little dis-
tauce beyond, uenr II cooper shop, the upper sbales of the 
Warsaw, which are exposed by stripping, are used for the 
manufacture of brick. at the Hnbinger Brick W OI'ks. On 
the SOUtll of the creek, below the cooPe!' shop, the follow-
ing arraugement was determined: 
YIII. Soap Ol'eek, 1vest of (/p.llleieI'Y, J(~eokuk, 
FEET. 
7· Concealed ...........••.... ~""""" .,.......... .5 
"6. Limestone, brecciated (exposed ) .............. 5 to 
.5. Shale, bluish, partly concealed......... . ......... .. 15 
4. Limestone, coarse, 5ub·crystalline; Jargelyc:omposed 
of fmgments of Fenestellids, crinoid plates Rnd 
brachiopods ...•........................•..... 
3· Shale, argilJaceous ............................. 5 to 
2. Limestone" blue, magnesian .................... .. 
1. Shale, calcareous, with geodes ....•.....•......... 
~'I.U(!p. 
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Numbers 2, 3 and 4: cOl!stitnte the base of the 1Vul'saw, 
the upper purt of which is hero concealed. The following 
fossils were obtained from 4:: 
Spirile,." 1"te,."li8, Hall. 
Spir[fera subcardf(ormis, Hall. 
Spil'[f'el'a pseudoliucata, Hall. 
Al"Cltimedes wortheni, IInIl. 
Polypont spinninodata, Ulrich. 
Pol'IPOl'fl l'flrsovcnis, Ulrich. 
Liocllmw plluciatum, Hall. 
The Hnbingel' well section which is important in the 
present connection is given in another place (section In). 
A short distance above Rand park there is an exposure 
showing in an excellent way the juncture of the Saint 
Louis limestone with the basal sandstone of the Coal 
lIleasures. The sandstone is about fifteen feet thick aud 
rests upon the unevenly eroded surface of the brecciated 
limestone (see plute xxx; also fignre 18). A ra"iue 
intersects the blnff at this point showing, towards the 
west, a replacement of the sandstone, in part at least, by 
shales, fire clay and coal. At the same time the brecciated 
limestone becomes thicker apparently causing the sand-
stone to thin out somewhat in that direction. Beyond 
this point, so far as j\iontrose, exposul'es are frequent in 
nIl the ravines and along the creeks which intersect the 
bluffs. The Coal lIIeasure rocks do not appear to extel1(l 
continuously over the area· but arc represented by small 
isolated basins similar to that seen near Gallant!. They 
are likewise exposed at the Sonora qnarries on the oppo-
site side of the Mississippi river where they' rest uncon-
formably upon beds of brecciated limestone and the 
sandstone member beneath. 
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From Montrose to a point above ]j'OI·t lIIadison the 
exposures DeeUl'ring nlong the west side of the river nre 
chiefly of drift. At the IlItter place the following is 
givcn: 
IX. IJ1u.1f' Sectioll at Fort Jl[l/(lisoll. 
FEET. 
4. Soil............................................... 4. 
3· Loess .......••.••••.•..•........•••.............. 30 
2. Clay, yellow.i5h·browD, with pebbles and small 
boulders; "yellow boulderclay" ••.....•.••.. sa 
I. Cia)', as above, but dark colored; .. blue boulder 
cla.y" (exposed) ....... , .•.....•.•.•..•...... 100 
ERst of the tOlYn abont foul' miles (Tp. 68 N., R. III 
'V., Sec. 32, BE. qr.) a limited exposure of Burlington 
limrstonc is snid to occur near the river. Directly north 
of Wever station at the low salient jutting out at the 
conlluence of the Mississippi lind Sknnk valleys the 
Lower Burlington limestone is well exposed and a quarry 
opened there. Immediately lYest of tbe same station 
(Tp. 68 N., R. IV W., Sec. 12,. NW. qr., SED a similar 
secluenee is sllOwn at the Lange quarry. It is evic1ently 
the Burlington limestone. 
X. Section in Lange QUW'l'!h west oj' We~e,.. 
5· Drift..... ................................ .. 
4. Limestone, encrinital. brov.'nish, thinly 
bedded, with some chert..... •.. ...... I 
3. Limestone. white, rather soft, somewhat 
. cherty in places ..•••• ,.,., ............ ,. 
2, Limeslone, yellowish .................. ,... 2 
J, Limestone, hard, brown, encrinital. heavily 
bedded (exposed) •••••••• , ...•. ".... 2 
An outcl'opping sbowing the beds below the base of 
the exposure just given appeal's on the north side of the 
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Skunk "iver in the hell of Spriug creek. The details are 
shown in section VI. 
SIrUN]\: nlYEU SECTIONS. 
F"om the last Lee county outerop 011 the Mississippi 
the natural exposures continu(! at short intervals for a 
long distance up the Skunk dv .. ·. 
Begining' with the Patterson section (VI) in which is 
exhibited the lowest rocks exposed along the stream, the 
strata dip rather rapidly to the west until at the first good 
outcrop on the south side of the river, in the section north 
of Wever, the Lower Burlingtoillimestone appears at the 
base of the bluff. Farther up the st, ... am, at Augusta, the 
Upper Burlington is well exposed in tbe bed of the river 
below the mill dam. In the north bluff of the stream at 
the same place the Upper Burlington, the Keokuk and the 
Montrose cherts, which sep.rate the other two forma-
tions, are displayed in • quarry face. 
Iu the south bluff the same \leds are exhibited, but the 
dividing lines are not so distinct, owing to' the heavy talus 
which co,'ers the hill-sides. 
Four miles farther np the river, and two and one-half 
miles north of Denmark (Tp. 69 N., R. IV W., Sec. 17, 
NW. qr.) the following section is shown: 
XVII. Denma"k Section. 
FEET. 
5. Concealed ....................................... : 3 
4. Limestone, coarse. dark blue, 5ub-crystalline with 
Or/his KNJkuk, Sp,',ifeTtl p.undolineahz and Fen-
estella ......... ............ .............. 10 to 
3. Limestone, like 4. interbedded with cbert ....... 6 to 8 
2 •. Shale, blue. calcareous,. with much chert ........... . 
I. Chert and calcareous shales, with included beds of 
limestone and clay.. .. ............... ...... ... 20 
1'¥PICAL EXPOSUHJ<:S. 32!1 
'rho ~rontl'osc chcl'ts oxposed tit the bottom of lIle 
outcrops nrc found gmding upward into the Keokuk lime-
stonc, with no clearly defined line of separation . 
..:\.. couple of miles northwest of Denmark, well up in 
the bluf!, ('rl'. un .N., H. V 'v., Sec. 13, NE. qt·.) is a 
sect·ion showing the upper portion of the ",Varsaw beds (2) 
in its normal phase; while u mingling of al'enaceous and 
mngnesiun chnrnctcrs is exhibited ill the beds ahove 
(3 and 4). 
X VIII. Bh((r Seelion .NodlllrrHI of Denmark. 
5. Concealed .. 
-t. Limestone, brown. magnesian, thin-bedded, varying 
to a more or Jess arenaceous rock j undulating 
below; seems to graduate downward into next. 
J. Shale, arenaceous, and calcareolls sandstone, irreg-
ularly stratified .. _. . .. ___ .6 to S 
2. Shale, blue, somewhat arenaceous at top .. _ ... to to 12 
I. Limestone, magnesian, (e:o:posedl __ .. 
A short distance west of the last mentioned section, 
instructive exposures of the Saint I. .. onis limestones are 
shown in the old Klopfenstein <[uarry (Tl'. (;9 N., R. V 'V., 
Sec. la, KW. qt·.) 
X LY. Section in ICloBlell..';tein QUWT!f. 
-t. Concealed. 
J. Limestone, white, granular, oolitic, with a thin bed 
of chert. 
2. Limestone. fine-grained, white, not oolitic, showing 
cross·bedding •........ 
I. Limestone, brecciated 
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DBS ~10r:NES IUVEl{ SECTIOXS. 
Fl"Om the standard section so well exhibited at the 
McOavic mill (section r), below the Union railway station 
at Keokuk, the outcrop along the :Mississippi southward, 
gradually becomes less exposed to view until at the moutb 
of the Des Moines river the hluft' recedes quite gently 
(see plate xxviii, figUl'e 3). About a mile above the place 
where the latter stream empties into the larger water-
course there is a low hill which lies between the Des 
:Moines Valley railroad and the "iver, the greater part 
being composed of limestone, as is well shown in a cutting 
on the north side. At this point six or seven feet of the 
geode shales are exposed on a level with the track. No 
exposures of rock occur between this place and Sand 
Prairie. At the last mentioned point the Saint I,ouis 
brecciated limestone is seen in limited exposures in the 
ravines above the station, On the opposite side of the 
river, neal' St, Francisville, there are good exposures of 
the limestone, One-half mile beyond the Chicago, Santa 
Fe &; Califol'llia raih'oad bridge over the Des Moines, a 
quarry is operated by the railway company. '['he follow-
ing is the section: 
XIL 8eGfion (It Dewllllcle (Juan'y, 
FRET. 
6. Clay, yellow above, red below ......... _ .......... . 
5. Limestone. brecciated, with pockets of .green day; 
sometimes rudely and coarsely stratified ... lo to 30 
4. Limestone, blue, encrinital. .............. ..... I to 3 
3. Shale, blue, calcareous ......................... 1 to 3 
2. Sandstone, blue, calcareous, with discontinuous beds 
afhlue shale, the principal quarr:yrock _ ..... 6 to 8 
1. Shale, blue ................................ _...... 15 
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Shale 1 is referred to the superior division of the 
Keokuk (Warsaw); while the remainder of' the section is 
classed as Saint Lonis. On the other sille of the hill, 
facing the river, llumbel's 2 and 3 huve n much grenter 
thickness and present considerable val'iutioll in bedding, 
there being rapid alterations fl'om sandstone to shale. In 
some places these shales are twenty to twenty-five feet 
thick, nearly all of which may be replaced by sandstones. 
The bedding is too irl'egulm') ho\vcyer, to mnke it ayail-
able for qunrl'ying except at a Vel'y few points. 1~t one of 
these a qnnrl'y is being wOI'ked hy the Chicago, Hock 
Island & l'acific railroad. 
In the south bank of n small stream, disclUll'ging into 
the Des l'Ioiucs riYel' below Belfast, tell feet of brecciated 
limestone are seen to be underlain by about ten feet of the 
massive brown sandstone, the latter resting upon twelve 
feet of blue shale without geodes aud evidently represent-
ing numher (j of the Deamude section. About two and 
one-half miles west of Belfast, 80me instructive exposures 
occur 011 lIumm creek, n sh:Ol't distance above its mouth, 
(Tp. 67 N., R. YII W., Sec. 33, SE. ql'.) The section is 
readily corre1ated with the preceding one. 
XIV. "1/1l1ll1lt el're1.- Sediou. 
FEET. 
3· Concealed................................... .... 5 
2. Sandstone, bluish, wealhering brown, somewhat 
micaceous, thinly bedded in places..... 15 
I. Shale, blue, argillaceous, readily hreaking down into 
clay i no geodes................ . . . . .. . . . .. 5 
One-fourth of n mile above on the same stream is n 
second exposure at which the arrangement disclosed is: 
XIf'. lJh~t" 011 jlFwnm Ol'ee~;, above its -ilIoutlt. 
8. Concealed.............. . ..•..••..•....•••........ 
7. Limestone. brecdated. with little if any clay; light 
colored ...... . 
6. Limestone. brown. magnesian; lower ledge lighter 
colored .... 
5. Limestone, magnesian, rlovecolored, breaks down 
quite readily on exposure ...• 
4. Limestone, brown. magnesian, quite regular on 
upper surface but irregular below, conforming 
to surface of succeeding ledge; not brecciated .. 
.3. Limestone, more or less brecciated; sandstone and 
shale; lalter predominates at the middle and 
separates the bed roughly into two parts ...... . 
2. Shale, blue, sandy. 
I. Shale, blue, no geodes (exposed) 
'rho shale llUl~bcl'.2 is exposed along' the edge of the 
creek and is to be cOI'related with number 1 of the section 
just given, while the sandstone of that section is replaced 
here by limestones 3 to (j inclusive. Still farther up tpe 
stl'eam other rocks appear. One-fourth mile beyond the 
last is: 
:.."( I:~ jlfumm Cl'f'pk; one-lw~l lIIiie abore iis 11[Ollth. 
4. Concealed .... ........... 5 
3. Limestone, bard. wbite, granular or sandy textured; 
in thirl flag.1ike beds, with included quartz grains 
at bas!'! ...... .. 
2. Limestone, hard, blue, breaks with conchoidal frac-
ture and is cut by thin veins of calcite 
I. Limestune, magnesian, thickly and regularly bedded. 
slightly brecciated in places ..... 
X umber 1 of this section cOl'responds to the magnesian 
bcds below number 7 in the preceding seotion. Following 
np the stl'cam a short distance Humber 3 is about 20 feet 
:i , 
I 
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thick, with Ilbont tOll rect. of hl'cccillted limestone between 
it anel the mngnesian limestone below. 
In n railroad Cl\t oue aud one-IUllf miles south of' Croton 
stUtiOll the sequence shown is : 
XVI. 01'0/011 Spt.~tirm. 
s. Drirt ••..............•......••........•.••......... 30 
7. Sandstone. light brown; stratification irregular •• 15 to 
6. Limestone, brecciated. fragments fine-grained. bluish 
and white; breaks with conchoidal fracture; 
nodular chert abundant ...••.. _ ......... __ .... . 
s. Limestone, brecciated fr:agments coarser than above, 
large pieces of magnesian limestone included ... 
-I. Limestone; thin but very persistent layer of pure, 
lightcolored, fine-grained stone; breaks with 
conchoidal fracture, weathers white; 2104 inches }j 
3. Limestone, brecciated; coarse, incoherent, breccia; 
magesian limestone and sandstone predominat-
ing like NO.5 ........ o. 00 ..•.•.• · ••• ·.0.·· .• 15 
Concealed: blue clay and fragmentary limestone 
exposed at top •......... _ •..•.............•.. 
I. Shale, with geodes in bed of branch one-fourth mile 
north of point where above wastaken.......... 3 
'I'he base of the section is about fifteen feet uboye the 
Des Moines river. The portion concealed represents the 
horizon of the 'Vursaw formation. The beds from 3 to 6 
inclusive belong to the Suint Lonis, while, the sandstone 
above is tbe basal member of the Coal Measures. In the 
bluffs uear Croton it is well tle,'eloped am) sufficiently indu-
r.ted to admit of qual·rying. It has been taken out to 'some 
extent on the right bank of the branch below the statiOl,. 
T,venty-fi\'e feet of the brecciated rock underlie the sand-
stone. Following up the brunch fOI" one-half mile 01" 
more, the upper portion of the brecciated .limestone is seeu 
to be l"eplaced 'by hard, white, g)'Rnular or oolitic limestone, 
cross-bed de,) a1l() ,:ip!,!e-mOl·ked. i'he ripple marks at 
3iM GEOLOGY 01<' LEE COUNTY. 
some points nrc vcry broad and deep, measuring five inches 
from crcst to crcst and from Olle to one and one-half 
inches ill depth. 
O'l'HEU SEC'l'IOXS. 
Besides the sections which have been described as 
occurring ulong the three principal streams and which are 
representative of almost continuous exposures along the 
water-courses, there nrc several others in the interior of 
the county w11ich are readily cOl'l;elnted with those along 
the margins and which deserve mention. On 'Yest Sugar 
creek outcrops of the indurated rocks arc infrequent. 
The most important onc perhaps is on n small branch two 
miles south of Donnellson c.rp. 69 N., R.V1 'Y., Sec. 5, 
SW.!). 
XX. DOJlnellson Section. 
4. Concealed .. 
3. Limestone, white, granular, ripple-marked (exposed) 
2. Limestone, brecciated ................. . 
I. Limestone, brown, magnesian, somewhat sandy, 
cherty; locally called ·'sandstone" .... 
75 
In pussing up East Sugfll' creek the first exposure of 
rock OCClIl'S uear the railroml bridgc about two miles 
northwest of Viele at which place about fiye feet of the 
bl'own magnesian limestone belonging to the lower part of 
the Saint· Louis formation crops out. Dne mile above 
thilil point is another exposure of the sume bed at the level 
of' the water in the creek near an 01<1 mil1. The exposure 
shows about six or eight feet of brown calcareous sand-
stone; it has been qnarried to some extent. The strata 
118\'e au apparent southward dip considerably greater 
than the slope of the creek bed. Two miles northwest of 
this locality the white limestone of the Saint Louis is 
quurried on the GranoI' land. The magnesian beds lie 
QU.AltHY S}WT]OX~. aa5 
below, with Rum.e brecciated limestone between; while u 
drill-hole .howed 01110 sh"le below the whole. 
XXI. ,"'ec/ion (1/ the Grauel' Quarl'!I' 
Concealed. 
I). Limestone, white, granular or sandy in texture, 
cross·bedded 
8. Limestone, in heavier ledges; surface of beds beau· 
tifully ripple·marked .. 
7. Limestone, more impure than preceding; otherwise 
similar ..... 
6. Limestone, very fine-grained and pure; burns excel-
lentlyforlime •..... 
5. Limestone, gr;mular, white like 8 and I); separated 
from 6 by clay parting five inches in thickness. 
4. Limestone, brecciated... . . ...... 8 to 
3. Limestone, brown, magnesian ............ . 
2. Shale, blue, argillaceous; no geodes (Warsaw) 10 to 
t. Shale, with goedes (exposed) . 
FEI-:T. 
Ou Little Sugar creek, south of' the (';'l'aner }wuse, the 
same beds nrc evidently exposed for a distance of a mile 
01' more, but show considernblc nll'jution in character. 
They arc more 01' less disturJwd and are available for 
quarrying at oBly a few [Joints. jUorco\'eI', the sHnely 
character is mnch less mar]{e(l while the bedding is quite 
UllC\'en. 
On the East branch, about two miles llorthenst of the 
Graner quarry, I'ock escarpments extend along the creek 
fOl' a distance of a 'mile or more (Tp. US N., R. -Y 'Y., See. 
20, NE. ql'.). 
x ... rll. Sugar Grp.(d.· 8(~cfionj I!}WJt Branch. 
6. Concealed ..................... . 
5. Limestone, hard, bluish·white; breaking with con-
choidal fracture..... . ........ . 
4. Sandstone, light brown. soft, saccharoidal. 
3. Limestone, tine, white, chert-like. . .. . 
2. Limestone, soft, or calcareous sandstone grading 
dOl'illward intone"t. ........... . 
l_ Limestone, breccialed, roughly stratified ......... _. 
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All of' this section from 2 to 5 inclusive, evidently 
repl'eRents the white limestone division of' the Saint Louis, 
though the incoherent character of 2 is II phase not 
obsc1'Yed elsewhere. 'l'he. IJl'ecciated rock which is here 
quite cOll1pnct und firmly cemented hns the appearance, at 
one point, of hadug been channelled and the excavation 
filled with 11 hreccia of similar but loose and incoherent 
materials, with U cOllsidernble proportion of clay. 
About a quarter of 11 mile down the stream lower beds 
appe" .. (Tp. 68 X., H. Y IV., i"iec. 20, NE. q ... ). 
XXIII. S,,!/UI' C'1'f'ek Section, East /Jrunch. 
6. Concealed _. 
5. Limestone, quite regularly bedded .. 
4. Lim~stone, brecciated .................... 12 to 15 
3. Lilncstont', brown, magnesian, in massive undulating 
beds •............................... 810 III 
2. Shale, arenaceous and marly, containing fragments 
of chert ............................. 3 to 6 
1. Shale. blue, arenaceous above t exposed). . 
The brown, IllHgnesinn Jimestonc (3) sometimes incloses 
lent.icular layers of light colored 1imestone breccia between 
the beds. Along the line of juncture between 3 and -! 
fragments of the Jight colored 1imestone urc' sometimes 
inclosed ill the latter, while fragments of browll, l11ng-
ncsian limestone mingle wi th the white in the breccin. 'rIle 
layers of 3 show quite regular bands due to staining from 
iron oxide. au the main creek directly west of this locality 
is a similarly stained rock e\'idently belonging to the same 
formation. 
North of Franklin about two anel one-half miles there 
is a bold escnrpment of brecciated limestone about fifty 
feet high presentiug much the same character as the 
formation seen at Croton. 
1.0~·1' UHJ<;gJ{ I-:Xl'USUHgS. 
A mile uno a hliU' lIorthwest of this, Oil Big cl'eek, the 
beds 'nre more regularly.stl'lltified; while 11 SCIIIl1 of coal 
appears above (Tp. HS N., H. YI 'V., See. 15, N"r. ql'., 
NE. t). 
X ... YI f. 1'':u;;1 811gor er(-d' See/ion; Bi!l C,'eel ... 
,. Concealed ... 
6. Coar; has been worked here, drift 1I0W abandoned; 
about .... 
5. Fire clay ... 
4. Sandstone, soft, quartzose ... 
3. Limestone, white, rather hard amI coarse ill texture; 
contains. RdlropliOIl Kih.wlli \\'hite, Produc/us 
selllirdiru{(lfrIlS, Z(lPlll"fllfisPdftr01Sis, \\'orthen, 
Allorisma 
Shale, somewhat calcareous, lamminatcd .... 
I. Limestone, granular cross·bedded, irregularly srati-
fiedand somewhat brecdflted in places; includes 
11 bed of rough silicious rock, als.o one of clay 
and chert; the hase of the limestone is light 
colored and contains much nodular cherI.. 26 
Numbers -1 to (j inclusiY(>. belong to the Uoal )IcHsul'es; 
the remainder of the section represents the white con-
cretionary limestone of' the Saint LoniB. 
On Lost. crcek there lire a 1H1ll1her of exposures of 
small extcnt. In the southeast qnm"ter of sect.ion fOlll', 
,Vashington township (rl'p. 68 N., R. IV 'V.), the Keo-
kuk limestone appears at short il1terVllls along the creek, 
~ometimes having an exposure of eigh.t to ten feet. In 
the southwest quarter of section three, teu inches of dark 
blu~, sub-crystalline limestone, bearing 8pil'{j'el'a loga 11 i, 
Spil'iferu keokuk, a Pl'OUuctllS and H zaphrcntis, overlie 
six feet of cherty shale and earthy limestone. 'fhis is e\'i-
dently very neal' the line of division between the Burling-
ton and Keoknk limestones. It probably represents the 
top of the Montrose cherts. Ii'OI,1t distance of about two 
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miles below this point 110 eXpOSUI'e8 OCClII', Near the 
ehut'cll in the northeast quarter of section cleven, five feet 
of Uurlington limestone overlain by eight feet of white 
chert interbedded with brown limestone appear at the side 
of the creek. Uelow this point, for n distance of over a 
miJe, the Blll'lington limestone may be seen in the ra'\'ines. 
GEOLOGICAL FORMATIONS. 
The general sequence and arrangement of the strata 
exposed in Lee county have been given in the table of 
formations. 'I'he lithological charncters of the different 
members may be inferred from the descriptions of the 
typical vertical sections wl1ich haye been selected for 
special mention as furnishing indices to an accurate cor-
relation of beds in all pnrts of the district. Considered in 
its entirety each of the geological formations represented 
exhibits a somewhut different aspect than when shown in 
the details in the moI'C 01' less disconnected sections. The 
range of formations is not very great since all the induratea 
rocks belong to om.' system-the Carboniferous. 
Mississippian, or Lower Carboniferous. Series. 
The oMest rocks exposed at the surface of Lee county 
are known as the Lower Carboniferous, or :MississippiauJ 
limestones. They have been termed also the 1>Iollntain 
limestones, and .the Subcarboniferolls, both of \Vhj~l{ 
names are uow regnl'ded as inapplicable. Lower Carbon-
if .. ·ous has been used widely of late to designate the rocks 
ill question, but there are serious objections to the nse of 
this term. More recently tbe title Mississippian series has 
come into use ill designating the great sequence of lime-
stones lying at the hase of tbe ConI Measures. The word 
is n re\"h'nl, with a slight terminal modification, of an old 
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term employerl yem'H ago. It is vcry npPl'opl'hltc for the 
gl'Oup of stmta to which it applies as it is typicnlly devel-
oped along the great stream for which it was christened. 
In the :Mississippi valley there are rccognized foul' 
well marked subdivisions of the Lower Carboniferous~ 01' 
:Mississippian. One of these, the uppcrmost, is not present 
in Iowa. 'rhis absent member is the ICaskaskiu limestone 
which is well exposed below the month of thc J\Jis!;onri 
rivcr. lt is a three-fold division made up of the .Aux 
-Vases sandstolle~ the Raskaskia limestone propel' nnd the 
Chester shales. 
KIXDEBIJOon: SHALE. 
Although this member of the Lower Carboniferous is 
snch an important formation in Des :Moines county, 
immedintely to the north, and in northeastern 1\'[i880llri to 
the south, it lies almost entirely below the river level in 
Lee. It has only been recognized in a single place on the 
S~llnk l'ivel' ncar the Ohicago, Burlington Ilnd Kansas 
City railroad bridge oyer that stream. In the bed of' 
Spri1lg creek n mHo north of the Lee county line mul 011e-
half mile west of Patterson station the nppe'l'most beds of 
the Kinderhook are well exposed. 
IV. Section 0/1 8p,·infl Greei.:, W(·st qr Paitason 8tatiol/. 
5. Limestone, heavily bedded. encrinital t Lower Bur-
lington; exposed) .. 
4. Sandstone, yellow, fine-grained.. ..... 4 
3. Oolite, gray, massive; highly fossiliferous ..... 
2. Shale, blue, argillaceous .... 
I. Shale, sandy (exposed to creek levd) ..... 
From this point the Kinderhook is carried down in a 
shallow syncline which reaches its gl'eatest depth near 
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Keokuk whe!'e it is abollt 130 feet below the low wute,' 
mark; then rising rapidly it appears again above the 1'ivcl' 
nt Hannibal, Missouri. 
.AUGUS"'",\, I.nIES'l'ONE. 
'l'he Augusta limestone comprises n vcry considerable 
portion of the surface rocks of Lee county. It forms the 
greater part of the \'crtien1 extent of the bluffs on aU the 
streams bordering the <listrict; but in the interior it is 
hugely overlain by the Saint I .. ouis limestone and ConI 
~IeaSl1l'e . shales. The term Augusta has beeu recently 
proposed for all those formations which in southeastern 
Iown and the adjoining portions of Illinois and Missouri 
WCI"6 formerly referred to under fiye distinct names. ~he 
term, therefore, is intended to be applied to the formations 
which have been knowll as the Lower and Upper Burling-
ton limestones, the Keokuk Hmestone, the Geode bed 
Rnd the typical Warsaw shale. The original locuJities 
of nil of these formations nre in Lee nnd Des Moines 
counties. 
Lower BurUngton. Li1llesi01I1!.-In J.Jee COlluty this 
rock hns a surface exposure over only a small area, on the 
hunks of the Skunk river in the northeastern part of the 
cOllnty, north of Weber and a few miles east of the tOlVll 
of Augusta. The beds comprise chiefly coarse-grained, 
encl"iuital limestones, usually firmly cemented, intensely 
white in certain layers but elsewhere brown 01" rc(ldish on 
exposed surfaces. Many of the beds are made up almost 
entirely of disconnected skeletal plates of crinoids alld 
other animals related to the starfishes and sea m"chins. 
These organic hard parts are Ji!'mly cemented together by 
means of ea1careol1s material, In the upper portion of the 
Lower BurHngtoll tllere are siJIicions shales and cherty 
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limestones which hnn~ IJccn rcgnl'clcd :IS the layers sepal'llt-
iug the lower n'oll1 the upper dh'isioll, (fhe distinguishing 
characters between the U ppm' and Lower Burlington 
limestones nre chiclly fnunnl rather than lithological 01' 
physicnl diti'cl'cnces, so that ordinarily the two divisions 
nrc not readily sepnl'ated except hy nn examination of the 
fossils contnillcd, Occurring Duly as a'mll'l'OW strip 1'01' n 
shQ!'t distnnee at the base of the Skunk bluffs the forma-
tion is not so important in Lee county as a few miles 
fal'tlrcl' north, trhe economic vahle of this Iimerock will 
not therefore eyer be vcry great on account of the occur-
rence of cquaBy good beds of similal' churactcl' immedi-
ately oYe1' it. 
Upper UUJ'linHlon Lillw,':l'lu1le.-rrllOugh usually ycry 
similar in general aspect to the lower member, the Upper 
Burlington may be often distinguished from it by its 
thinner bedding and greater abundance of chert in il'l'cgu-
Iar nodules and thin bands. rrhe morc massive character 
of the lower beds is perhaps the only casunl murk of dis-
tinction ,,,hich is of yalue in discriminating between the 
two. The Upper Burlington is perhaps best exposed in 
the hed of the Skunk ril'or at Angnsta. IIere for se,'eral 
hundred yards below the old mill dam the water {weaks 
into ripples forming in places rapids of' considerable size. 
The same rocks are nlso we)] exposed in the river banks 
for some distance both above and below the dam. A good 
section is found at the south end of the wagon hridge 
near hy. 
Thellinty heds of the Upper Burlington lire now called 
the Montrose cherts, They have recently been found to 
haye less than one-third the thickness which has been 
commonly attrihuted to them, 01' only ahout thit·ty feet. 
The beds are well exposed along the ~fississippi river 
2:IG.ltep. 
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from .Montrose to Keokuk. Between these points they 
constitute the b~d of the river causing the obstruction to 
navigation kn,o,\,u as the Des Moines rapids. ~lhe slope 
of the strata is Very nearly the same us that of the river 
and hence the uHpcr surface of the formation lies from five 
to fifteen feet above the water level for the entire distance. 
A short distaJlcl~ directly north of the Augusta bridge, in 
Des 1tioines COunty, there is an old quarry fuce showing 
the entire thicltness of the cherts, with the Burlington 
limestone belo,,,, and the Keokuk above. Thin layers of 
limestone arc intercalated in the chert beds, the whole 
being rather thinly bedded as compared with the layers 
associated. Oflposite the town on the south side of the 
riYer the same chert beds are found ueal' the middle of 
the bluff's exte'lding for a considerable distance, both up 
and down the stream. Other outcrops appear on Lost 
creek below D~nmark. 
Keokuk LiJnestone. Though this formation has its 
typical deve}oI)ment ill Lee county the area of its surface 
exposure is reiatively small. It occupies the larger part 
of Denmark township together with a portion of W ash~ 
ington. In addition it is exposed by erosion in the 
Mississippi gorge and its tributaries between Montrose 
and Keokuk ahd forms the base of the abrupt esc&rpment 
which constitutes such a marked feature in the topo-
graphy of the region. At the city of Keokuk it is well 
shown in llUlnerous places, the best exposures being 
along Soap creek and in the west bluff from the foot of 
the canal to tile mouth of the Des Moines river (see plate 
XXIX). 
Along the Des Moines river the rocks lie somewhat 
above the water level an the way from Sand Prairie to 
FarmingtoIl, hut as a rule are not very well exposed. 
IOWA GEOLOGICAL SURVEY. PLATE XX IX. 
,./ 
~UARRY AT McGAVIC MILL ; KEOKUK. 
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li'or the most purt the fOl"lllntion consists of twenty-
fh"e to forty feeL of course-grained, bluish, often crinoidnl 
limestone. N odnlar chert is quite prevalent throughout. 
Some beds arc somewhat argil1aceolls, and this with the 
presence of chert renders lUany of the layers unfit for use 
as a quarry rock. Some ledges, however, arc well adapted 
fol' b1.1ilding purposes. The best of these layers is known 
as the" white ledge," which is rather extensively quarried 
espeeiaUy at and around the city of Keokuk. The beds 
are much more massive towards the base and the partings 
are very thin, usually reduced to mere films; but towards 
the top the bedding becomes thinner, the separating clays 
more prominent and the layers assume a somewhat shaly 
character. 
Geode Red.-The shales immediately overlying the 
blue Keokuk limestone have a maximum thickness of 
perhaps forty feet. The lower half is made up largely of 
indurated calcareous shales with some chert and a few 
thin bands of limestone. The shales gra(luate rapidly into 
the massive limestone below. The upper half is much 
freer from calcareous material, is somewhat gritty and 
breaks down under the influence of the weather much 
more readily than the lower portion. The name of the 
formation was originally given to it on account of the 
existence of numerous globular, silicious and calcareous 
concretions known as "geodes." These arc commonly 
hollow shells lined within by beautiful crystals of quartz 01' 
calcite which arc studded often with single crystals of 
various metaIHc sulphides, among which are sphalerite 
chalcopyrite, millel'itet galena and pyrite. Often the 
interior is composed of mmnmil1ary and botryoidal chal-
cedony. Sometimes the geodes are filled with liquid 
bitumen and occasionally with water. The geodes nre 
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characteristic of the formation only in the southeastern 
part of Iowa and the adjoining portions of :MissOUl'j and 
Illinois. 
Warsaw Beds.-Above the geode hed comes the 
'V nrSllW formation, as originally defined by Hall. As 
developed in the Yicinity of Keokuk, which is on the 
opposite side of the }\Iississippi 1'i,'cl from the typical 
locality, it consists of (1), u bluff umgncsiun limestone at 
the base ill a massive layer often ten to twelve feet in 
thickness; (2) a median member made up Im'gely of blue, 
arenaceous shales, with intercalated limestones in thin 
bands; and (3), nt the top, a buff sandy limestone locally 
called "sandstone." By Hall the ,Varsaw was put in 
with the Keokuk; by ,Vhite it was placed with the Sniut 
Louis. Sincc t11e appearance of the publications of these 
writers the "Warsaw" 1ms been claimed to be rGcognized 
in IllallY localities llnd much confusion has arisen as to its 
propel' limits and position. In southeastel'll IO'''8 this 
difficulty hus been thought to be due to the assumption 
that the three members already mentioned belong to the 
same formation; and Gordon is inclined to the opinion, as 
wi1l be shown farther 011, that the" sandstone" is more 
closely related to the Saint Louis and should be regarded 
as the basal member of that formation. On the other 
hand the limestone and shales are manifestly yery closely 
related to the Keokuk boHI 1ithologically and faunally. 
If, however, the title 'Varsaw is to be rotained for any 
memher, or formation, of the Lower Carboniferous series 
it can at best be applied only as a matter of convenience 
in local stratigraphy, since beyond the immediate vicinity 
of Keokuk where it was first recognized the typical 'Var-
saw is not known. It appears to thin out quite rapidly 
to the north and evidently does not extend a yery great 
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distance in that "direction beyond the limits of Lee 
county. 
At the town of 'Varsaw, five miles below Keokuk, and 
across the river in Illinois, tho formation consists of ten 
feet of magnesian limestone overlain by thirty feet of blue 
argillaceous shnlc, above which is the sandy limestone. 
At Keokuk the formation is essentially the same though 
reduced in thickness fully onc-third, the lower division 
being only five or six and the median about twenty feet 
thick. 
Saint Louis Limestol/e.-Thcre is comprised under this 
term SOllle of the most important rock formations found 
"in Lee county. rfhe area ovcr which they constitute the 
surface beneath the drift exceeds that of any other one of 
the members of the Lower Carboniferous. Nnmerous 
exposures of' the Saint Louis beds occur on the small tribu-
bn'ies in 'Vest Point and lrl'auklin townships. 'l'hey also 
appear in the bluffs below :Montrose and on the Des Moines 
above Sand Prairie. They m'e known on West Sugar 
creek at a single locality only, Ilcar Donnellson. Hocks 
of Saint Louis age occupy pl'olmbly one-thil'd of' the areal 
mileage of the county. 
In its normal development, in this region, the forma-
tion consists, according to GOI'(lon, of ten to twenty feet 
of magnesian, often somewhat sandy limestone and blue 
calcareous sandstone below- thc UppCI' part of the typical 
lVarsaw of lIall- and a somewhat greater thicb:ness of 
·wh~te, fine, or granular limestone above. 'l'his succession, 
however, appellrs only at rare intervals as breccintion has 
taken place to a greater or less extent nlonOg the horizon 
separating the two divisions, and in some cases the process 
has gone so far as to involve hoth sections. So universal 
and prominent is the hrecciated character of these beds 
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in southeastern Iowa that it has to a Inrge degree ohscured 
the tl'UC relntions of these deposits und has been the occa-
sion of' much misapprehension as to the real chtll'nctcl'S of 
the Saint Louis in lawn. 'Vhile the brecciated character 
is one that has been impressed, in part at least, upon rocks 
already formed and hence cnnnot be considered as a dis-
tinct formation, it is equally evident that it may haye hml 
its origin in the conditions which existed dmoing the depo-
sition of these beds. In its minor development it uni-
formly occurs at the horizon between the magnesian and 
the white limestone. In consideration of these fncts it is 
here treated as a distinct subdivision though its probable 
secondary character is not m·cl'looked. 'l'he lower member 
consists of bluish-gray and dove-colored magnesian lime-
stone, generally in thick concretionary beds, which on 
weathering usually assume a characteristic brown color. 
The limestone becomes arenaceous in places and some~ 
times passes almost completely into sandstone, This is 
the caHC at' the Sonora quarries opposite Nashville, and 
below Be1fast. At :Nassau bluff, below Keokuk, the 
formation is represented by eight feet of calcareous sand~ 
stone in which the quartz appears in large white, more or 
less angular grains, This pebbly character is also marked 
at a number of other places. On ·weathering, the sand· 
stone becomes brown like the limestone. The formation 
is well exhibited on the Des ltloines river above its month 
where at various points, it shows alternations of the 
UJ'cnaceous and limestone phases. 
On ~Iumm creek, west of Belfast, both phases are 
shown within" the distance of less than one-fourth of a mile. 
A. limited outcrop of the same beds also appears 011 1Vest 
Sugar creek, neal' DonneHson, and there are good expos-
ures at numerous places on East Sugar creek. 
W ABSA W In~DS. 3!i 
Heretofore the arenaceons heus hn \·e been considered 
as nnderlying the Illl.lgnesian limestone :llld as constituting 
the upper member of the '\T arsa", division. Gordon is of 
the opinion that the recognition of' the continuity of the 
arennceous beds and the uwgncsian limestone I'cmO\'es the 
difliculty usually attending the classification of the 'V tH'SllW 
and explains satisfactorily the conflicting statements 
regarding it. The sandstone oecurring on the Des :Moincs 
ri\'cr, opposite Keosauqua in 1ran Burcn county, where it 
o\'erlies the brecciated limestone and evidently belongs to 
that division, wns identified by ,Vhite with the uPllcr mem-
ber of the original ,Varsaw; whHe the magnesian division 
was cOl'relatc£l with the ,Yarsaw limestone and shales. Two 
distinct formations were thus confounded. In both I.ee 
and Yan Buren counties the two phases are readily traced 
almost directly into each other; while in many and sepa-
rate localities, each is found to overlie blne, arg'iIlaceous 
shales which benrnogeodes and which are of variable thick-
ness, very evidently representing the middle Warsaw. In a 
thin zone at the top of the shales and below the sandstone 
or magnesian limestone as the case may be, there are found 
large quartz grnins sometimes almost pebbly in character, 
while from one to three feet of the succeeding deposit is 
composed of clay und broken fragments of chert indis-
criminately mingled Ilnd grading upward into magnesian 
limestone, where this is the overlying bed, in which irreg-
ular silicious masses are abundant at the base. 'l'he slight 
di~turbances shown at this horizon have been observed at 
various places und would seem to indicate a slight degree 
·of unconformity. White has asserted the existencc else-
wherc of unconformable relations between the Saint Louis 
and Keokuk divisions, mHl it nwy be Umt the slight 
discordance here noted is a phase of an erosion intennl 
348 uJ<;ur.OUY 01" I.EE COUN'l'Y. 
exhibited in a more IlUlI"ked degree in other districts. 
An instructive outcrop of the formation occurs at the 
Sonora quarries on the Illinois side of the :Mississippi 
river opposite N ashYille. The beds are exposed for sev-
eral hundred fcet along the bluff and have been qnarried 
extensively. .At the south end of the quarry, ten to fifteen 
feet of the sandstone in massive heds underlies the 
breccciated limestone, as at Keokuk. l'owards tl~e north 
the bre~ciated limestone thins out, allowing the shales and 
s:mdstone of the Coal J)Ieusul'cs to rest directly upon the 
Sonora sandstone which becomes more magnesian und in 
some places shaley us shown l)y the following section: 
v: Sonora. Quarry Section. 
1. Loess .... 
6. Clay and sand. . ............. 4 to S 
5. Shale, and sandstone, with a rew inches of coal in 
discolloCCled basins .... 
4. Sandstone, blue ... 
• •• 10 to 15 
3. Limestone, bluish, magnesian and arenaceous; 
banded with yellow, the whole weathering 
brown: arenaceous layers crosS-bedded.. 15 
2. Shale, arenaceuos, graduating horizontally into sand-
stone ... 
I. Limestone, magnesian, resembling J. but less arena-
ceous and more vesicular and cavernous ..... . 
All below 5 belong to the lower member of the Saint 
Louis and show an increase in thickness of nearly twenty 
feet within a distance of less than one-fourth of a mile. 
In some cases this formation becomes involved in the dis-
turbance characterizing the bl'ecciated limestone and thus 
loses its local individuality. This is well shown in the 
bluff below Croton. 
'Hw brecciated character is a very pronounced feature 
of the Baint Louis evcl'ywhet'e in southeastern Iowa. It 
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exhibits considerable lithological variation. The changes 
nrc from a mixture of limestone and sometimes sandstone 
fragments loosely imbedded in clay or firmly cemented by 
calefll'colls material, to a more 01' less quartzose sandstone. 
The latter phase has been observed in Yan Burcn county 
opposite I(eosullqua. In Lee county it was s.een at only 
one locality, on East Sugar creek. In goneral the division 
consists of ten to twenty feet of a fine white limestone 
breccia mostly iu small fragments und firIllly c\,:mented 
together by calcareous matter similar in nppefll'lHlCe to the 
limestone fragments themselves. Locally it aSSUIlles 
1m illCl'ensed thich:ness up to seventy-five feet, but loses 
its consolidated character anil contnins much clay in 
which fragments of the lowel' blue limestone and sand-
St.OIlO predominate below, while above the fmgmcnts al'c 
IJl'c,'nilingly white in color. In some cases the clay con-
stitutes a large proportion of the mass but more often the 
'limestone predominates and shows a somewhat rude und 
coarse strutification of' the component fragments intel'-
stratified with thin nndu1ating layers of limestone which 
adapt themselves to the irregulurities and inequalities of 
the ma~s llpon which they rest. 
Occupying a position normally above the lower mem-
ber of the Saint Louis. but usnaUy separated from it by 
the brecciated division is a fine-grained, hard, white or 
gray limestone which hreaks with· a conchoidal fracture 
and bears a close resemblance to lithographic stone. In 
som,c cases it becomes granular or sandy in texture and 
then shows the cross-bedding and ripple J~arks of a littoral 
deposit. This character is especially pronounced in Lee 
county and is seen to good advantage at the Graner 
quarry ~nd elsewhere on East Sugar creek; also 11e3r 
Donnellson and in the vicinity of Belfast, Croton and 
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Keokuk (figure 16). It lies immediately npon the brecci-
uted limestone, in some places filling the irregularities in 
that stratum and is in its origin qnite similar to that 
formation. However, it is evident from the manner in 
which the upper part of the brecciated and the fine-
grained amI gL'Rllular "ul'ieties grudnate into one another 
find also from their occurrence in the same stmtigraphicnl 
horizon, that they are closely related in their mode of 
origin and constitute essentially the same formation. 
Figure 16. lla~e of the Salnl I.ouis Limestone, Kffikuk.. 
In the figure 16 number 1 represents the 'Varsaw 
shales; 2 is the Sonora "sandstone" a sandy magnesian 
limestone; 3 is a very compact brecciated bed; while 
4 is similal' but with a softer clay matrix. The breccia 
is made np of :,l very fine-grained, compact, blue lime-
stone, which breaks with a conchoidal fracture. The 
fragments are angular and vary in size from a few inches 
to several fect. The interstices are filled with a clayey, 
calcareous material which is usually much softer than the 
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limestone, aud in weathering allows the limestone boulders 
to project far beyond the matrix. Above the brecciated 
portion of' this limestone the stl'atn are laid dowu nw)' 
irregularly, hut upward rapidly pass into evenly bedded 
layers. 
rrhc thickness of the white limestone rarely exceeds 
twenty feet and more commonly not morc than ten or 
twelve fect. 
The most generally distributed fossil of the Suint Louis 
group is the coral LitllOsiroiion caJHuZense, CastIenau. 
The remains of this orgunism are frequently found in the 
beds of the streams of Lee county, haviug been dislodged 
through the disintegration of the limestone. The fossil 
being completely silicified easily resists the agencies which 
have disintegrated the beds in which it occurs. In south-
eastern Iowa this form appears to be confined to the mag-
nesian limestone and the brecciated beds. In the latter 
case they llIay huve been derived originally from the mag-
nesian limestone. Besicles Lithostl'otion the magnesian 
layers often contain abundant impressions of a Fenestella, 
8piri/ern "keol:uk and I.J1'oducillS semireti(;ulat1ls. 'l'hey 
seem to be confined pl'incipa1Jy to the hRsal pOl'tion and 
:Irc arranged in bands along which the rock is decidedly 
more magnesian than in other portions. The presence of 
the fossils may have exeJ"ted some influence in the 
segregation of the m:tgncsin along these planes; 01', 011 
the other hand, the presence of magnesia may hn \:e }ll'C-
ser.ve£l the fossils better here than in adjacent portions 
where this element is much less pronounced. 'l'he latter 
explanation seems to he fa\'ored (1) by the gl'aduul transi-
tion from the fossiliferous to thc non-fossiliferous portions 
aud (2) by the finely ,'osiclIla!" character of the beds whe!"e 
no other evidencc of the fossils call bc detected and which 
352 nEOLOGY OF' LEE COUN'I'Y. 
evidently is due to the ,'emaills of l'0lyozoalls (FellesteUa) 
whose organic character has been almost entirely obliter-
ate,!. 
Irhe clays of the brecciated limestone sometimes cafry 
fossil forms, while the upper white limestone is usually 
marked by on abundance of weU preserved organic re-
mains. 
~rhc fine-grained limestones which huve a conchoidal 
fracture, usually yield an abundance of SpirijeJ'u keokuk, 
Hall, RJ'!I'Wl,Ollelia ott'llm'lVa~ White, and Productus semi-
I'eticulai-1l8; Sowerby. At one locality, on Sugar creek, a 
bed somewhat intermediate in texture between the gran-
ular ond fine-grained limestones yielded numerous speci-
mCllS of' BelleropllOn gibsoni, White, associated with 
Allol'isnia, ZOjJltJ'entis pellaensis, Worthen, aud P1"OdllCtU8 
sem;,.eticlIlutlls, Sowerby. 
Upper Carboniferous. 
Lowe,. Coalllfeastu·es.-These deposits occur princi-
pally in three disconnected areas, two of which seem to 
belong to the main eastward extension of the rocks of this 
horizon on the west and northwest; while the third is an 
isolated basin dissected by East Sugar creek and OCCllrs 
in the interior of the county. There are besides several 
small areas in the southern part of the district, As else-
wher"e along "the eastern border of the formation in Iowa 
the Coal Measures occur ill basin-like depressions in the 
Saint Louis limesfone, to which circumstance some of the 
smaller outliers doubtless owe their preservation. Along 
the Des :Moines river the exact limits of the area covered 
by this formation ha,·c not been definitely made out, us 
the only exposures occur in the immediate vicinity of the 
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stream. At Croton ubont fifteen feet of the basal sand-
stolle caps the bluffs, while. farther north and west, neal' 
Farmington, coal has been mined just outside the county 
limits. 
In lithological charactcrs the Coal :Measlll'es difl'cl' 
\'ery mllch from the other formations with which they 1II'C 
Hssociated. Instead of being made up chieHy of lime-
~tone 01' calcareous shales, as is the case of nearly all of 
the other strntn of the region, the conI-bearing strata arc 
composed almost entirely of' soft clay-shales and {I·iahle 
sandstones. In contradistinction Lo the shales OCCUlTing 
with the limestones the fOl'lllcr deposits urc as a rule llluch 
darker in color, eyen black, thoug-h oftcn light-colored 
clays nrc prer-mnt, especially immediately heneath the coal 
beds whcre the white fire-clays nrc found. In other parts 
of the Iowa coal field the shales vary greatly in color from 
pure white to black, yellow, drab, blue mul red. Often nIl 
of these arc intermingled forming what are termed nll'ie-
gated shales. :I\Iost of these shales CatTY more or less fine 
grit which frequently becomes so abundant as to {m·m 
sandy shales or even shaly sandstones. In Lee county 
the Coal :Measnre shales are largely blue or (1I":)h in color; 
and these heds form by fur the greater part of the fOl'ma-
tion. They occur in considerable thickness and aJ'e of 
wide geogmphical extent. Difficulty, however, is encoun-
tercd in attempting to trace the different laycl's for any 
considerable distance on account of th eil' tendency to break 
down readily into plastic clays in which all trnces of strati-
fication arc lost at once. 
The sandstones of the Ooal l\Ieaslll'cs nrc commonly 
fine-grained, rather friable, and yellow 01' browu in color. 
Occasionally very fine white sandrock occurs; but these 
beds are usuany quite limited in extent and are only a few 
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feet in thickness. The sandstones as a rule show marked 
cross bedding which is made more pronounced in weather-
ing (figure 17 represents the base of the sandstone shown 
in plate xxx). 
Figure 17. {'ross·b\o,dding in coat MrasureSandstont abln"e the Liuel,rUnc(mformity. 
More specifically the Coal lIIeusures as exhibited in 
Lee consist of a basal member of coarse, brown, quartzose 
sandst011c somewhat micaceous in places, which is replaced 
locally, in whole 01' in part, by brown sandy and dark 
argillaceous shales, the latter underlain by a bed of coal. 
The transition from sandstone to shale is often abrupt as 
F'gure IS. 51,ale Replacing: Sand5lone. 
Keol::uO:. 
is seen ill the bluffs above 
Rand park at Keokuk, 
where . tlle sandstone is 
reduced to n few feet in 
thickness, the shale with a 
thin bed of coal replacing 
the upper portion of the 
bed as shown by the ac-
companying diagram. 
Number 1 is the white 
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COAL MEASURES RESTING UNCONFORMABLY ON SAINT LOU IS LIMESTONE ; KEOKUK. 
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Saint Louis limestone; 2 the b"ecciated bed; 3 the ConI 
:>\lcnsnre sandstones; and 4 the shale with a thin bed of 
coal. A photograph of the line of unconformity between 
numbers 2 and 3, the Lower Carboniferous and Coal 
lIeasures is represented in plate xxx. 
'1'he irregular character of t.he upper surface of the 
Lower Carboniferous (numbers 1 and 2) is also seen at the 
Sonora quarry. (Figure 1!l.) 
Usually no other ConI Measure rocks haye been fonnd 
overlying the thicker deposits of sandstone; but in the 
basins the coal is usunlly oyerlain by black fissile Inyers 01' 
Figure .g. {lncun(onnity of Coall[eas .. re.; and Saiut Louis I.ime!itolfe. Sonora QlUury. 
arenaceous shales. The sandstone frequently extends 
under the coal and the light· colored shales though dimin-
ished in thickness are usually more or less sandy. 
Few fossils have been observed in the coal-bearing 
strata of the county. The following species were obtuillCd 
from the shalc overlying the coal at Keokuk: 
Athyl'is urgentea, Shepard . 
. Productus longispinus, Sowerb}'. 
8trcplol'l'yncll1ls crassus, Mcck & Hayden. 
LopllOpbyllwll prolifemlll, McChesney. 
The con] beds of Lee county are somewhat limited as 
compared with the districts lying to the west. Deposits 
of considerable ynlne have been worked to some extent 
and others of equal 01' greater importance doubtless still 
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:lwait development. In thickness the coal seams \'en'y 
from one 3IHI oue-half to three feet. A detailed descrip-
tion of the coal und its workings will be found in another 
plnce. 
Pleistocene Deposits. 
,Vitllin Lee county there nrc no deposits which repre-
sent the long period of time inten'cning bctween the 
deposition of the Lower Coal :Mcasures and the begiuuing 
of the icc ngc. If In tel' Coal ~IeasUl'eJ :Mesozoic 01" Tertiary 
8t1'UtO were laid down over the region they were entirely 
removed by cl'osh'c agencies hefore glacial times. It is 
quite evident that the rocks of the Coal Measures at least 
were deposited in considerable thickness over this part of 
the stilte and were connected with the now separated Car-
bonifet'ons fields of Iowa and Illinois. Something of a 
measure of the enormOllS eroRiou to which the rocks of the 
region hayc been subjected is seen in the extensive buried 
river channels which arc described farther on. Upon the 
rock surface thus gashed nnd trenched, rest the clays and 
silts of' the Pleistocene pel'iod, filling lip the depressiQ]~s 
and raising the whole su!"fuce to a nearly uniform level. 
The even plain thus fOl'med has 11 general southward slope, 
with a secondary inclination toward the :Mississippi river. 
Upon this even plain subsequent drainage has effected 
various changes but it bas not yet destroye!l the general 
relief of' the original slightly tilted surface. 
The superficial deposits of southeastern Iowa may be 
classed as (1) Lower 'I'iII, (2) Loess and (3) Terrace 
deposits. 
LOWEn 'I'ILL. 
rrhe Lower Till of the region comprises an inferior 
division of blue boulder clay, varying fwm a few feet to 
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two hundl'cd feet in thickness; and <I supol'ior portion 
comprising thirty to seventy-five feet of' yellow clay. 
Blue Bouldl'1' ClulI.-This deposit consists of blue 
clay filled with bonlders of variolls kinds, those of crys-
talline rocks predominating, though limestone masses ulso 
OCCllr. The houlders are generally rounded or subangnlal' 
and often striated; those with sharp edges showing little 
if any abrasion are not rare. On the higher levels where 
the induratell rocks lie neal' the surface, this deposit is 
thin or absent. It constitutes the larger llart of the filling 
of the preglacial depressions, however, and exhibits a 
thickness of fully two hundl'ed feet in the old channel of 
thc ~lississippi. In this channel a bed of sand was found 
in the Monnt Clara well, below the blue clay which may 
represent an old terrace deposit. Beds of sand occllr at 
intervals in the clay in il'regulur deposits whieh often 
constitute the source of water supply of wells on the 
upper levels. 
At Fort j\ladison bluffs composed entirely of drift 
capped by loess rise directly from the water's edge. The 
b1ue clay constitutes about sixty feet of the lIearly vertical 
embankment, and imbedded in it are numerous fragments 
of wood. Deep wells also sometimes show considerable 
quantities of vegetal matter, chiefly wood, enclosed in this 
deposit. Pieces of the wood taken from the clay were sub-
mitted by Mr. C. Il. Gordon to Prof. D.P. Pellhallow, of 
j\lcGill University, for identification. He replied that 
"the material includcd two gcnera and probably three 
species. The best preserved specimens proved to be of 
-the genus Larix (Larches) and from the close specific 
agreement with L. ame1'iCanU8, as well as the recent age 
of the deposits in which it was fOUlHI r have 110 hesitancy 
in l'efening them to that species. The second is an 
24 n. UIlIl. 
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undoubted TliXlIS though it differs from any modern 
ffaxus with which I am acquainted, in having a number of 
vcry small resin passages, and fusiform rays. Otherwise 
it agrccs almost exactly with our modern Taxus canaden-
sis, to which I would pl'O\-isionnlly refer it in the hope 
that better material ttt some future. time may serve to 
clear up the points in doubt. ~l'he third is, I think, also a 
Taxns, but of this I emmot be certain. It clearly differs 
specifically fro.ffi the former and the best we can do is to 
refer iL provisionally to that genus." 
At Keokuk along the bluff between ~raill street and 
the mouth of Soap creek a bed of boulders with some 
sand and clay rests upou the shales of the Gedde bed. 
The deposit is about fifteen feet thick and the top is 
sixty·five to seventy feet above the l'hrer. Resting upon 
it is a loess-like deposit; The boulders comprising the 
bed are of a1l sizes up to two feet in diameter and are 
cemented together in places forming a somewhat incohe~ 
rent conglomerate. The relations of this deposit are as 
yet imperfectly understood but it is thought to represent 
a much later stage in Pleistocene history than that of the 
blue clay. .A .. similar accumulation has heen found at one 
or two other points within the county. 
Yellow Boulder Olay.-Above the blue clay is a yellow 
del)Osit of somewhat similar character lithologically which 
also contains rounded and striated boulders. III neigh-
boring plnces this clay shows faint traces of stratification 
though no indications of this character were observed 
within the limits of Lee county. Its differentiation from 
the lower division is marked chiefly by its color and the 
character Of its bonlders which are prevailingly limestones 
and chert though crystalline rocks are also common. '1.1he 
limestones are often smoothed and striated, all the marks 
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appearing frcsh and distinct. .tlt the "YeUow Banks" 
Oil thc Dcs :MoillCS rivcl', twenty-fivc feet of saud nrc 
seen resting upon the blue clay and over this fifteen feet 
of silty clay, <Im"k abo\"c alld o\"er]aill by eight. feet of 
yellow clay which in turn is capped by a thin yenecr of 
loess. The sand vuries in IJlnces to a fine gmyel and 
along the east lumlr of ,Yest Sugar creek ncar the mouth 
of the stream it passes into a coarBC incoherent sandstone. 
'l'hel'c is a sharp linc of demarkation between the blue 
clay and the "sfllulstone" Hnd along the juncture iron 
charged waters ooze out and fall into the creek below. 
Whether the relations of this sand bed arc with the yel-
low clay 01' whether the arenaceous layer l'cpl'esents an 
independent stage intermediate between the two clay 
deposits is not clem' though some consideratiol}S seem to 
favor the latter view. Generally the yeHow clay contains 
much sand as is wen shown along the Chicago, Santa Fe 
and California railroad whorc it cuts throngll the main 
divide. The surface of the clay is usually highly oxidized 
and often a line of pebbles marks its line of se}mration 
from the o\'el"lying loess. The clays are 11s11a11y cut ver-
tically by sheets of lime from one-fourth to t,hl'ec-fonrths 
of an inch in thicknes. IIoHow concretionary nodules of' 
lime are abundant in some places but rare in others. They 
vary in size from one-half to one inch in diameter and 
when broken show cracks and creviccR on the inside, 
apparently due to shl'inlmge. These nodules are typical 
"loess kinuchen" which have long been held to be dis-
tinctive of the loess. In sou'thenstcrn Iowa and north-
eustern :MisSOlll'i, however, they are abundant in places in 
the upper pa,"t of the yellow clay and are but sparingly 
distributed in the loess itself. 'llhis may therefo1'o indicate 
n genetic relationship between the two formations. 
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LOESS. 
This delJosit consists principally of a line, ash-colOl'ed 
silt. It is distributed quite uniformly over the entire orea 
under consideration, varying in thickness from n foot or 
two up to lifteen feet. Over the greater portion of the 
district the material does not average more than fou], to 
six feet. Along the line of the Chicogo, Santa Fe ond 
California railway ill the vicinity of New Boston it has a 
development of fifteen feet. The lower portion is more 
friable than the upper, and in some cases appears to be 
somewhat marly at the hase. At Keokuk the boulder 
accumulation already referred to is overlain by stratified 
wbite and ferruginous sand grading upward into typical 
loess. (See plate xXxr.) The thickness of 'the silt and 
stratilied sand is about thirty feet. 
On Soap creek there is all interesting exp08w'e, show-
ing the following: . 
Section on Soap Greek at Seventh .Street, Keokuk. 
FEET. 
6. Loess, fine, ash-colored, retaining a vertical face in 
excavations for a long time •.••••... _ ••..••• _. 14 
s. Sand, coarse, red, mixed witb clay: bands of cheJl: 
fragments near the middle quite continuous alonI 
the face of the exposure...................... 6 
4- Sand, fine white, banded with thin layers of red sand 
quite "nnly cemented by iron oxide........... 4 
3. Sand, fine. yellow. more compact............... . .. 3" 
2. Clay, yellow and blue, containing boulders......... 2 
I. Boulders, sand and gravel, resting upon the geode 
bed below.......... ......................... 5 
The deposits represented by the above section have 
generally been referred to the loess formation though 
some doubt has been entertained as to the correctness of 
this reference. In the study of .imilar depositions along 
the Missouri river Todd h •• considered that much of 
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what has horetol'ore been regarded loess is actnally a high 
terrace formation; and facts gaUlered in Leo connty 
seem to confirm this conclusion, though additional study 
is neede,l to settle the question definitely. This stnte-
mImI, however, applies only to those deposits adjacent to 
the 1IIississippi and its tributaries; as no doubt exists as 
to the blauket of loess which is fonnd in the interior of 
the county. The iron stained sands exhibited in the sec-
tion (4, and 5) are sometimes developed in such force as to 
give the bluffs n characteristic redness. 
TEUUACE lmn~[ATlONS. 
Well marked terraces are found in the allnvial plains 
lIanking the 1IIississippi river above 1IIontrose and the Des 
Moines below Sand Prairie. Above the first named place 
these structures rise sl1ccessiYely from the river level to 
a . height of about fifty feet. They cOllsist of ridges of 
wuter-wom sond, sometimes marked by the whitened, 
decomposing shells of mussels, like those living in the 
neighboring streams. 
At Fort Madison, the bluff already mentioned ns com-
posed entirely of superficial deposits has n bed of sand 
apparently resting, as shown by excavation, on the hlue 
clay at an elevation of fifty reet above low water-level. 
This evidently corresponds to the highest terrace observed 
in the alluvial plain below and is correlated with it. Cut 
terraces are well shown along the same river bank 
between Montrose and Keokuk. 
GEOLOGICAL STRUCTURE. 
GENJlJItAI. ltEI.AT[ONS OF S1'nATA. 
Although thc geological structure of Lec couuty is 
comparatively simple as regards deformation there are 
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somc VCl'y decided stratigraphical complications arising 
fI'om irregularities of deposition. ,Vith two exceptions all 
of the various beds lie conformably upon one another, in 
regular sequence. }l'or the most part the inclination of 
the strata is slight, usually so little as not to be percepti-
ble. The general dip is southward; on an average about 
ten feet to the mile. The total declination across the 
county is tl~erefore something over two hundred feet. 
But notwithstanding the fact that the geological structure 
on the whole is not very complex there are considerations 
to be taken into account which are of the greatest impor-
tance economically and at the same time of extreme interest 
scientifically. 
aEOLOGIOAL CROSS-SEO'l'IONS. 
Mississippi River Seclion.- The description of the 
lithological characters of the different vertical sections 
along the :Mississippi river has already been given. While 
the strata have a general dip to the southward the inclina-
tion is not uniform. Toward "the northern end of the 
section the slope is much greater than anywhere else and 
the constant lowering of the successive beds in passing 
down the stream is quite noticeable. The Keokuk lime-
stone which occupies the very summit of the bluffs near 
the Skunk river comes down to the water-level at Fort 
Madison; that is, it falls nearly one hundred and fifty 
feet in a distance of seven or eight miles. From li'ort 
Madison to Keokuk the dip closely appproaches horizontal, 
the general slope being very nearly the same as that of the 
river. 'l'his arrangement is shown in the rather detailed 
section along the :Mississippi river represented in figure 
2, plate xxvn. The inclination of the beds to the south 
in Lee and Des :hloines couuties is met, in 11orth-
SYNCLINJo~ AT JU;OI{U]{. 
eastern )Iissonri, by n similar 
slope· in the opposite direction. 
A broad shallow synclinc is the 
result. ·The maximnm depression 
is in the neigbborhood of tbe city 
of Keokuk, for which renson it is 
known as tbe Keokuk syncline 
(fignre 20). Tbe economic im-
portnnce of the recognition of the 
synclinal depression will be at 
once apparent when it is J"emem~ 
bered tbat the particnlar structure 
represented by it is one of tbe 
leading factors in the secnring of 
successful flows of art.esian water. 
S!.;u,,!.; Rive'I' Section.- :Meas-
urements along this stream, where 
the ontcrop of the various strata 
may be readily tmced, show that 
there is a considerable inclination 
of the heds to the west. The 
Upper Burlington layers which 
cap the hills at the east in Des 
Mnines county are bl'ought to the 
water-level at Augusta, the dis-
tauce being not over foul' 01' five 
miles. This ,,"ouM seem to indi-
cate a dip to the west of about 
teu or twelm feet for this shOl·t 
distance. But in taking into con-
sidel'ation the average inclination 
fol' the entil'e distance Crom the 
month of the rh·er to where it 
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enters Henry county the actual slope is not more than 
cig])t feet to the mile. This, however, is made more 
pronounced by the fall of the strenm of about four feet per 
mile, in the opposite direction; making in all an "apparent 
dip of about twelve feet in the same distance. 
Des .1lIoines Ri'vel' Bection. - .A.8 in the Skunk river 
section the direction of the Des :Moines gorge is nearly at 
right angles to that of the :Mississippi. The general dip 
is vcry slight indeed and directly opposite to the course 
of the stream. 'rhe gradunll'ise in the river bed ill pass-
ing westwnr(l brings the different layers successively to 
water-level sooner than would otherwise be the case. 
Dlu'onMATION OF S'l'ltATA. 
Deformation or the warping of the rock layers on 
account of the working of dynamic agencies analogous 
to those which act in raising mountains are nowhere 
very marked within the limits of the district. The larger 
folds, the principal expression of which is represented 
hy the Keokuk syncline (figure 20), are ,"ery hroad with 
comparatively small amplitudes. By reference to the geo-
logiclll crm,s-sections the details are readily made out. 
'fhe greatest inclination observable is in the :Mississippi 
section which runs northeast and southwest. Dips in the 
other two principal cross-sections are relatively slight so 
that the inference may be drawn that the trend of tl1e 
t1'ough is nearly northwest <lnd southeast with a veering 
to the south. 
The minor undulations cannot be traced very far from 
the points of first observation. For the most part they 
aI'e llnimpol'tunt. 
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UNOONF010IITIES. 
The most marked irregularties ill the relationships of 
the different strata are severnl well marked unconformi-
ties. Nearly all the stratified rocks exposed in Lee county 
represent an IInintm"'uptedseqllence of deposition. A 
notable oxeeption is in the case of the Saint Louis lime-
stone and Coal Measures" 
Goal .1lIeas'lll"es and Saint Louis Limestone. - ~rhe pro-
nounced discordance in sedimentation between these two 
formations in sontheastern Iowa is shown at various 
localities. III the bluff at Keokuk, above Rand park, the 
unconformable relations are especially well exhibited. 
The basal sandstone of the Coal Measures is a coarse, 
brownish sandrock resting immediately upon 8 very uneven 
sudace of the brecciated limestone of the Saint Louis. 
At the bottom the sandstone presents marked irregulari-
ties in bedding 8S is shown ill figure 17. Towards the top 
the stratification becomes more even and regular. 
A still better exposure showing the phenomellll is seen 
at the Sonora quarries, opposite Nashville. It is repre-
sented in figure 19. 
The Saint Louis limestone in southeastern Iowa has 
been shown to have great ilTeguIarities in its surface. In 
some cases this is evidenced by the appearance of Coal 
Measure rocks below the level of the limestolle in adja-
cent exposures. This irregularity is mani(estly due to 
erosion, coupled with the structm'al peculia"ities of the 
brecciated limestone. 'l'his fact has sometimes given rise 
to a popular misapprehension as to the relations of the 
two formations, and has enused n fruitless search for conI 
deposits in positions where they could not possibly OCCUl'. 
Drift und IndO/mted Rocks.-It is well known that 
the mantic of glacial debris which spreads over all Iowa, 
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hilling the hnrd stmtitied rocks from view, has everywhere 
unconformable relations with the undedying strnta. IIIns-
trations of the phenomenon arc 80 common that they attl'act 
hut little attention. In Lee county there are some features 
which 81'e especinl1y interesting in this connection and 
they therefore demand more than passing mention. In 
the long intm'val succeeding the close of the Carboniferous, 
the area, of which Lee is ouly a small part, WaS elevated 
above sea-level for a considerable period of time, a" is 
evidenced by the extensive denudation and channeling 
which has·taken place in-the rock snrface. It has already 
been intimated that the Coal Measure rocks and possibly 
other later formations originally extended ov .. · the whole 
of this region. As to tbe thickness of tbe beds removed, 
and bence the extent o.f the general denudation there can 
be only a rougb surmise; but that it wns cOllsiderable is 
quite manifest. 
Among the most noteworthy features to call attention 
to is the existence of drainage valleys and the general 
character of the ancient land surface. Though the data with 
reference to the channels heneath the drift is stiII far from 
complete, sufficient evidence has been gathered to indicate 
the existence of at least two profound gorges represent-
ing the former locations of the Mississippi and nes Moines 
rivers, with traces of other lesser channels which were in 
all likelihood tributary to tbese. The great development 
of glacial material along tbe west bank of the Mississippi 
above aud helow Fort Madison was long ago noticed. 
The location here of an old channel of the Mississippi 
was tirst made known 80me yesrs ago by Major G. K. 
Warren, and mme recently the position of the same buried 
chaDnel was discovered and determined independently 
by i\Ir. C. H. GordoD, whose results agreed ill all essentinl 
"'onMEU CIIANNKL OJ.' lIISSlSSJl'PJ. B67 
1'espects with the earlier' work. }"l'om duto gllthcmd by 
him the previolls observations were not only confirmed 
but the extent ,nul ,Iel'th of the mlloy IVllS cnicuilltm\ 
closely, The location of the former course is iudicute<l 
upon the nccompullying sketch (figure 21). 
Figure 21. PH'lrlaclal Challllel or tbe MlsslasIppl Rh.-er . 
. Bctween the mouth of the Skunk river and l\[ontrose the 
old channel eoinei,\es with the 1"'eBent valley of the river 
which has been partly rc-excavn!e,1 nlong the caste..,. mnr-
gin of the older mIley. From lIIontrose it slVeeps with. 
a broad westword bend to the nes illoilles river which 
crosses it below Bund IJrnirie. 'j1he comparatively narrow 
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rocky gorge within which the river now flows £l'om ~Iollt­
rose to Keokuk is itself suggestive of its more ,'ecent 
origin than the broad yalley~ above and below bordered fol' 
the most part by drift-covered slopes. Along the western 
bank, above :Montl'ose, rock exposures nrc only secn on 
Lost creek, ahout Due and a half miles west of 'Veyer; on 
E:1St Sugur creek, west of Yiele, at the crossing of' the 
BUI'Jingt(~n and Kansas City railroad, und in the north-
western part of' Charleston township well back from the 
bluff on Paiutel' creek. rrhese points arc taken to jncH-
cate the limits of the channel here. Westward from 
Keokuk the indurated rocks disappenr just above the 
railroad bridge over the Des nIoines and do not again 
appear in the bluffs until Sand Prairie is reached. A fur-
ther surface indication of the existence of the channel 
between 'l\Iontrose and Sand Prairie is seen in tlle cres-
centic alluvial plains found at these points, the former of 
which is a result-of the efforts of the :Mississippi river to 
recover its old channel; and the latter apparently due to 
the agency of the Des Moines. 
Several deep wells put down recently at Fort :Madison 
all agree in indicating a great thickness of clay and sand 
below the present ri\'er leyel. The thickness of this 
deposit varies from 175 to 190 fect according to the loca-
tion of the well, and when reduced to sea-level shows the 
rock hed to lie at an elevation above tide of 365 to 380 feet. 
A. few miles southwest of' Fort Madison, nt ~Iount Clara, 
where the elevation of the surface is 679 feet, a boring 
put down showed the rock bottom to be 364 feet above 
tide leve1. As the extent of the channel indicates an 
. advance stage in hase leveling, the slope of the river bed 
from Fort ~Iadison to :Mount Clara should be slight., and 
this seems to he horne out by the figures except in the 
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cuse of tile well at the paper mill which sllows UII elo."u-
tion of' 319 reet 1'01" tile rock bottom. At ~[ontrose, whiell 
is only two miles nortllcast of }Iount Clarn, tile low water 
mllrk of the river is 500 feet above tide." Tile bottom of 
the old C011rse, therefore, is 136 feet below present low 
wnter le,'el, 01' about laO feet helow the hottol11 of the Hew 
channel. 
r!'he width of' the ancient channel is about six miles, 
which is about the size of the present rock-gorge which 
the stream uow follows ill the revived course above Fort 
Madison. The river in preglacial times probably di,l not 
exceed its pl'esent dimensiolls at leust very gl'ently, und 
after cntting down its chunncl in its curly history, its sub-
sequent efforts were directed to widening the Ynlley in 
which it alternated from side to side until it reaclled the 
limits indicated upon the map. The ncco"mpanyillg cross-
section f1·0Dl Sonora to Argyle (plllte XXVIII, figure 2) 
illustrates the relative sizes and positions of the two 
channels. 
COAL" 
Lying 011 the extreme eastenl mal'gin of the western 
interior coal field, Lee can never be expected to rank 
among the important coal producing counties of Iowa. At 
the same time the coal deposits, though necessarily limited, 
are sufficiently large to be of considerable commercial 
value; and supplies for local demunds and even shipment 
may be furnished. For many years mining hOR been 
carried on in a rather desultory manuel'; and the veins 
still continue to be worked from time to time. The prin-
cipal places where coal is now known to exist in workable 
thickness nre in the nOl'thern part of the county Ilcar the 
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center of Pleasant Ridge township and in the northeastern 
portion of Frankliu township; also in the extreme south-
ern part of the district a short distnnce hoth north and 
west of the city of Keokuk. 
Plemmnt Ridge TOWllSltip.- Coal .Mensllre rocks covel' 
the grenter part of the 110l'thern two-thirds of this town-
ship. I'rhey [01'111 a portion of the arca whie}} extends 
northward throngh southern Henry county. The chief 
opellingR in this district are those which have been made 
on Sutton creck, uhout five miles northwest of Denmark 
and a couple of miles from the Skuuk river (Tp. 69 N., 
R. ·V W., sec. 16, NE. qr., NE. i). The coal is obtained 
both by drifting und stl'ipping'. }I'ol'merly c~nsiderable 
quantities were mined, the output going chiefly to West 
Point and the ~mrroundillg country. Among the old 
openings the Norris mine was perhaps the best known. 
At the present time none of the places are worked sys-
tematically, the local supplies heing obtained chiefly by 
desultory stripping along the creek bottoms where the 
coal is two and one-half feet or more in thickness. 
Two miles to the eastward (Rec. 14, NE. qr., NIV. !) 
coal has been obtained for years to supply local demands, 
but none of the openings are now operated. All ontcl'Op 
near the road shows the fo]]owing section: 
4. Drift. 
,1. Shale, sandy, hitumin· 
ous below. 
2. Coal. 
1. Fireclay. 
Figtlt<: 21. Outcrop nOflhw~st ofDf:mnark. 
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Along thc creck near by, snudstollc, shales and the 
Saint Louis limestone are exposed at n somewhat lowor 
leyc1. Thc coal bed has a \'CI')' apprcciable dip to the west 
and probably thickens in that direction. Thc probabilit)' 
01' a basin of' considerable extent. is also shown by the fact 
that coal hus been taken ont just west of the township 
line aud a short distance cast of the yillng'c of Saint Paul. 
llIarioll lbwlIsltip.- There are in this township two 
arcas of Coal :Measnre deposits which urc separated from 
each other by a broad helt of older rocks. The principal 
opening is the 8tm'enson mine a short distance east of 
Saint Panl (Tp. 6n N., R. VI W., sec. 14, SE. qr., SE. t). 
Like many of the other mines of the county it is only 
operated at irregular intervals, usually during the winter. 
About It mile £Iil'eetly south a thin seam crops out in the 
bed of a smull ravine. Overlying it are sevel'al feet of 
black shale and light-colored clay. rrhree miles south-
west of Saint Paul (sec. as, SW. qr., SW. !) is a small 
sh"nf't which has supplied considerable conI for local nse. 
Franklin TowllsAip.-:..About four-fifths of Fl'~lllklill 
township is occupied by the Coal1\fensul'cs; and coal has 
been mined at n number of places. rehe most extensive 
mining in the county has been done here :md the thickest 
seam so fur found in this region has been opened. 
'1'wo miles from West Point coal has been obtained in 
small quantities for many yeul's, Above the road lending 
directly west from the town recent washouts huve exposed 
u. vein of coal varying from one to two feet 01' morc in 
thickness, ami underlain by a good fire-clay (Tp. GS N., R. 
'VI 'Y., sec. 1, NE. qr., N'Y. i), One and one-half miles 
south, in the vulley of a small brunch, arc the nbundoned 
workings of a mine which formerly was operated to satisfy 
local demands. 
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rrhl'ee miles to the west, on Sugar creek, or ubout fi"e 
miles from WestPoint and one mile northeast of Denver 
postoffice there arc sc\'el'al openings. rrhe most. important 
mine is the old Hardwick cr.rp. tiS N., R. VI ,V., sec. 4, NE. 
qr., NE. i). It was formedy worked by means of a shaft, 
which is now aba~doned; und the coal is now reached by 
a drift. in n ,'avine. Coal wns at one time taken out of 
this mine in sufticienl.. quantities to afford abundant local 
supplies. The vein dips to the south and west and is said 
to be from three to three and one-half feet in thickness, 
The relation of the shaft to tile drift is indicated in the 
nccompanyillg cut (figure 2:l). 
Figure 2J.. Rdatloos of Drif' "nd Shaft Openings at Old 
Hard .... kk Mille 
The details of the section at the mouth of' the opening 
of the drift are: 
4. Shale, bituminous. 
J. Coal. 
2. Fireclay. arenaceous. 
I. Shale. arenaceous (e;ol:4 
posed). 
figllf .. 24. Coal Bed alOld n .. tdwitkM;n ... 
NearWestl'oint. 
COAL n .. :ns Pla:SEX'I'. 37:3 
A mile directly south of the Hardwick miuc several 
openings have beon Illude at nlriolls times on a tributary 
of Sugar creek (sec. 10, N~W. qr., N"T. f), where the fol-
lowing section was measured, the lower half being the 
the Saint Louis limestone. 
Section, j\'Ol'tlwast of Donnel .... ·ou. 
S. Drift .. 
j. Coal.. 
6. Fire clay .... 
5. Sandstone, soft, quartzose ....................... . 
4. Limestone, coarse, irregular, fossiliferous .. . 
. ). Shale, calcareous. 
2. Limestone, fine and shaly . 
r. Limestone, sandy, thinly bedded (exposed) 
Coal is said to occnr also to the north in section V, 
(northwe"t quarter) and directly southward iu section 15 
(southwest quarter). 
JTan B1l1"e-n Township. - Although the UDal n[ensures 
. are known to occupy fully one-half of thc slll'face of the 
district no mining has been carried 011 •. On the opposite 
side of the Des ]\ioines river, in :MissQuri, several mines 
were formerly in active operation. In 'Vml Buren county, 
within half a mile of the Lee boundary, coal is nlso being 
taken out in considerable quantities und the same seam 
doubtless extends eastward into Lee county. 
Juckson Tow1!sb.ip.-In the vicinity of Keokuk the 
principal places yiclding coal arc below the city, above 
Nassau slough. 
2:. O. Uep. 
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A section neal' one of the openings is as fonows: 
Figure,s. SecliouatTopofBluff 
on.\Iis5L,sippi Rive.-al NIl,>-"au 
Slough. Helm, Keokuk. 
8. Drift .•..............•............... 
7. Shale, blue, argillaceous {exposed) .•..•.. 
6, Sandstone, ferruginous, irregularly bedded. I 
5. Shale, dark. fissile, many small concretions. 3M 
4· Coal, thickening slightly northward... . 1 M 
3. Fireclay ){ 
2. Sandstone, variable in thickness, with irreg-
ular bands of clay shale, resting uneon-
fonnably upon the next. 
I. Limestone, gray, compact, brecciated {Saint 
Louis.formation ) •.•............ 
Below number 1 of tbe above section the full thick-
nesses of the Saint Louis limestone, the" Warsaw," the 
"Geode" bed, and part of the Keokuk limestone are 
exposed. The coal mined here is of very good quality. 
It has been worked at different times during the last thirty 
or forty years. No coal, however, appears to have been 
taken out during the past three or foui- years. 
North of the city, in the bluffs neal' Rand paJ'k, coal 
was formerly mined by means of drifts. Very little coal 
was taken out at this point, and the entry is at present 
blocked or filled by debris from the fallen roof. The 
position of the coal bed at Rand park is shown in figure 18. 
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A· short. distance away, at the plnce where the coal wus 
mined at one time, the section is : 
6. Drill ..•........ ,',. 
5. Shale, dark colored 
4. Coal. .. 
............... 6 
3. Fireclay ...... ,., ............ . 
2. Sandstone, brown, C03r.>e grained.,. 
I. Limestone, brecciated (Saint Louis). exposed., . 
,~ 
~ 
Six miles to the north, near Nashville in l\Iontrose 
township, there is a small isolated basin of Coal :Mcasure 
sandstone, on the crest of the bluff; but no coal is known 
to be associated. 
BUILDING STONES. 
Lee county is well supplied with stone suitable for all 
ordinary constructional purposes. Nearly the entire 
county is underlain by the Lower Carboniferous lime-
stones, every member of which affords a good grade of 
stonc. Although the limestones vary greatly in quality 
and texture in the different parts of the county, those 
supplied by each geological formation may be readily 
distinguished from that yielded by every other. 
'nle Burlington beds are made up largely of an eUCl'in-
ital limerock, that is, it is a coarse-grained, somewhat crys-
talline limestone formed almost entirely from the skeletal 
remains of crinoids, cemented by fine lime material. In 
color it varies from a brown to a pure white. It is very 
durable and may be used for all constructions, including 
those which are especially exposed to weathering influ-
ences. The rock is ea~ily qnarried and readily dressed. 
The thick ledges may be used for dimensioh work of all 
kinds. 
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The Keokuk limestone is, as a rule, a compact, rather 
hard, often Bub-crystnlline rock, of an ashen or bluish 
color. Its fmcture is even, sometimes however, approach-
ing conchoidal; although often ellcrinital it is rarely 80 
markedly sub-crystol1ine •• the Burlington. The more 
pronounced encrinitnl parts are usually confined to par-
ticular layer. and do not make up the bulk of the forma-
tion, 8S in the case of beds immediately beneath. 'rhe 
quarry rock of the upper po,·t of the Keokuk, often called 
the 'Varsaw, is chiefly a magnesian limestone, containing 
some Band and fine pebbles. It is generally called" sand-
stone." The principal quarries in it are at ·Sonora, on the 
east side of the Mississippi, aod it consequently goes 
under the name of Sonora sandstone. It is a massive 
layer six to twelve feet in thickness, bluish or yellowish 
when first taken out, but after exposure to the weather 
f01' a time turns to a buff- or brown. It is very durable. 
Buildings in Keokuk erected of it nearly half a century 
ago have still the tool marks prese.rved nearly 8S fresh as 
the day when made. For dimension work it is largely 
used; and wherever dressed stone is required. The 
Westminister Presbyterian church, several large residences 
and other buildings have been constructed of this stone; 
besides the sills and caps of a large number of other 
structures. It has also been used for bridge piers, dam 
locks and other works of a similar character, where great 
durability i. required. 
The Saint Loni. white limestone differs from all the 
other quarry rocks of the county in being a fine-grained 
compact limestone bl'eaking with a very marked con-
cboidal fractnre. Usually the color is .bluish or gray. 
Some layers are very similar to lithographic stOl.le and have 
been used for this purpose to some extent. 
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The sandstones are more or less ferruginous, C081'Se-
groined nnd mnssive. They are rother soft, but usually 
sufficiently indurated to be a faiI"iy good grnde of stone 
wben carefully selected. The sandstones are all ConI 
lIeasure deposits. The so-called Sonor8 "sandstone," 
as already J'emarked, is in reality a buff limestone with 
siliceous grains scattered through it. 
Jackson Townski]}.-By fill' the greatest amount of 
quarrying in the county is carried on in and about the 
city of Keokuk. The prillcipal places where quarries 
have been opened are along the Mississippi river at the base 
of the blulf, along Soap creek in the western part of the 
city, and in the northern IJRrt"of the city above Rand park. 
The blue limestone of the Keokuk alfords the greater 
part of the quarry work, but the ·Warsaw beds of Hall 
and the Saint Louis also furnish considerable material. 
The Coal Measures supply a small amount of soft s.nd-
stone. A considerable quantity of stone is shipped away 
both by river and by rail. The transportation facilities 
are exceptionally good; for in addition to the waterway, 
sev'erallines o(raill'oad enable the output to be distributed 
in all directions. The Chicngo, Rock Island and Pncilic, 
the St. Louis, Keokuk and Northwestern, the Keokuk and 
Western, the Keokuk and Northwestern (a part of the 
Burlington system), and the Toledo, Peoria nnd Western 
(a branch of tbe Wahash system), all alford menns of 
renching good markets. 
In the eastern part of the city of Keokuk small open-
ings have been made fol' a distance of two or three miles 
along the river bluff. The principal quarries are, however, 
below the Union railroad station. 
N ear the Chicago, Rock Island nml Pncilic freight 
depot, on the corner of Timen and Water streets, is the 
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~IcManns and Cameron quarry, which has been opened in 
the Keokuk limestone. The rock is used chiefly to supply 
local demands, though Borne stone is shippec1 west into 
Iowa and :Missouri for a distance of fifty to seventy miles. 
The local supplies are about equally divided between mac-
.adam and building material; some broken stone for l'ip-
rap along the river is also furnished. 
A short distance below is the quarry of Kelley Broth-
el'S, near the St. Louis, Keokuk and Northwestern freight 
depot. The stone is used chiefly for building purposes 
and macadam, though during the past two or three years 
the quarry hus not been worked much. 
Still farther west, beyond the mouth of Soap creek, and 
between Hand G streets, is the new city quarry, wh.ichhas 
been opened scarcely a year. 'rhe stoDe is used princi-
pally for macadam, for foundation walls and the construc-
tion of street gutters. During the first tell months of the 
present year about 5,000 yards of macadam were taken 
out. Ten quarrymen and five teamsters are employed. 
Near by is the Coyle quarry. Much of the rock taken 
out is for macadam, though most of what is known as the 
"white ledge" is used for building purposes. 
In the vicinity of the planing mill, and a short distance 
beyond the Coyle place, is the newly opened Harris quarry, 
employing for eight months in the year from two to 
twenty-five men. The rock is loaded directly on the cars 
and shipped chiefly to points west along the Chicago, 
Burlington and Quincy system. 
Still farther westward, in Nassau addition, and a short 
distance west of the Rand lumber yard, is the Tigue 
quarry, which is one of the oldest openings in the vicinity. 
It has been in operation for more than thirty years. The 
section shows: 
QUARRIES NEAU KEOKU]\:. 
FlnIT. 
4. Drift. •••••••....•••••..•••••••••.•••••.•...•••...• 8 
3. Limestone, thinly bedded, with considerable calca-
reous shale .••••••••••••........•••...••..•••. 
2. Limestone. more massive than 3 •••..•......•..... 
J. Limestone, rather sandy, with shale partings{exposed 
to railroad track).. ••.•• .•••.•.••••••..••.•••• 14 
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This is nenr the locntion of the old McGavic mill. A 
complete section of the bluff' at this point is given as one 
of the standnr.d sections for Lee county. 
A short distance to the west, within half n mile of the 
railroad bridge crossing the Des Moines riYer, is the 
"sandstone" quarry of Tigue & Son. The stOlle is the 
massive Warsaw magnesian limestone, which contains 
some grit in the form of fine grains and smull rounded 
pebbles of white quartz. The output is almost entirely 
for bridgework and sills. 
In the western part of the city of Keokuk, along Soap 
creek for a distance of funy ODe mile, qnarries have been 
opened at a number of points, the principal openings being 
near the Seventh street bridge. The section of the rock ex-
posure near the mouth o.f Soap creek has already been given. 
Below Seventh street is the Conroy qual'ry, situated on 
the east side of the creek. The output is chiefly macadam 
and material for foundations, A short distance above, nea~ 
the cornel' of Eighth and Cedar streets, is the lIc}Iallus 
and Tucker quarry. The stone is ueed chiefly for founda-
tions. From fifteen to twenty ca.· loads are shipped 
annually over the Chicago, Rock Island amI Pacific rail-
road. The section at this point is as follows, number 1 
being used chiefly ·for dimensiou WOl·k: 
FEET. 
5. Shale, disintegrating................... .......•.. 2 
4. Shale, calcareous, bluish. wilh Ihin limestone bands. 6 
3. Umestone. heavily bedded, rather coarse-grained, 
dark, somewhat encrinltal, with some chert. .•.. 
2. Shale, drab, with thin bands or limestone ....••.... 
1. Limestone, heavily bedded, generallysub-crystalline 
(exposed).................................... 8 
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On the opposite Bid. of the creek is the Ooyle quarry, 
which works in practically the some layers as ShOWll in 
the }IcMnnuB and Tucker section. Only about three or 
foul' feet of lower limestone is taken out, the chief supply 
being from the central encrinitnllimel'ock. 
There are other RmaH quarl'ics along Soap creek which 
nre worked in a desultory manner for local supplies of 
foundation stone. 
In the DortherD part of the city of Keokuk, neor Rand 
park, seyera} small openings have been made ill the Saint 
Louis limestone, which at this point supplies a rude flag-
ging tl18t il; used largely for sidewalks and street crossings. 
The stone splits readily in layers two to five or six inches 
ill thickness and slabs several feet square may be readily 
obtained. The vertical extent of the bed is ab~ut fifteen 
feet. The principal place fl'om which stone is talcen out is 
at the Fowler quarries, which are located on both sides of 
<l small, deep ravine near the crest of the bluff, abou't three-
fOllrths of a mile directly northwest of the park. The 
section shows: 
S. Limestone. gmy, flag-like. in layers :Ii to s inches 
thick, irregularly bedded .................. _ .. ' 
4. Limestone. compact, fine'grained, brecciated, with 
mucb green clay between the fragments •...•... 
3. Limestone, very hard and compact, brecciated, but 
FEET. 
finel)- cemented............................... 2 
2. Limestone, buff. masSive, sandy and somewhat mag- . 
nesian........................................ 6 
J. Shale, blue (e~posed ) .......... ................. 2 
Three miles above the city, near the mouth of Price 
creek, is the Mc],Ianus and Cameron" sandstone" Q118lTy. 
The l'ock is the seven-foot ledge of the sandy, magnesian 
limestone which occurs at the top'of Hall's Wars8w. The 
opening has only recently been made; and the rock is used 
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chiefly fOl' caps and .ills and the foundations of the better 
class of buildings. Near the quar.·y thc section is : 
FEET. 
s. Drift ....•.••••.......•..........•.•......•.....••• 
4. Shale, calcareous.................................. J 
3. Limestone, gray, somewhat arenaceous at the top... IS 
2. Limestone, dark blue, with some chert............. 4 
1. Limest,!oe, gray (expos~d)............. .•••......• 2 
nes Moines Township.-In the easteru part of the 
township there are no exposures of rock suitable for 
huilding stone. Along the Des Moines river the first out-
crop met with is in the vicinity of Saud Prairie. A mile 
west of the station the Saint Louis Jimestone crops out in 
sevel"RI of the ravines opening into the Des 1\Ioines valley, 
and from these stone is sometimes taken out for local use. 
Oue-half mile ahove Hillsdale is the Deamude quarry, 
which is worked chiefly for the Chicago, Santa Fe aud 
California railroad. The section shown is : 
FEET. 
6. Clay, yellow above, gray below........... ...... ... 6 
5. Limestone, brecciated in pockets of green clay, some-
times rudely and coarsely stratified............ 30 
4. Limestone, blue, encrinital ••• .•.•....•..•••.....• 3 
3. Sbalc, ~Iuc, calcarcous......................... .. 3 
2 •• Sandstone, blUe, calcareous, with discontinuous beds 
of blue shale, the principal quarry rock ...•••.. 
I. Shale, blue........ ..•............................. IS 
The stone is used largely for hridge work; the rubble 
and small sizes are made into material for concrete. From 
, fifteen to twenty men are employed; and the Chapman 
steam driil is used. 
In the same vicinity is another quarry which has been 
opened hy the Chicago, Rock Island and Pacific railroad. 
In tbe northwestern part of the township, a short distance 
below Belfast, is the McEwer quarry (Tp. 66 N., R. VII 
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W., sec. 1, SW. qr.). The stone is the snme as the 
Deamude quarry farther south and is used largely for 
bridge building by the railrond . 
. ilIon/rose Township. - Six miles north of Keokuk, 
near Ballinger station, a quarry lw.s been recently opened 
by nfcManus and Tucker in the Warsaw magnesian lime-
stone. The stone dresses readily and is used for dimen-
sion work of all kinds. It has been tn"ken for the peni-
tentary.at Fort :Madison, the building of the Canning 
Oompany and the high school. A dozen men are employed 
part of the time. 
In the southern part of the town of ~fontrose a small 
quarry has been recently opened by Wardlow and ~roor. 
The rock is used chiefly for foundation wal1s and well 
linings. The section of the quarry face shows: 
4. Drift ••.. ... ........................ ...... 4 
3. Limestone, way, coarse· grained. fossiliferous, thinly 
bedded at the top .... . 
2. Chert, in thin layers ........ . 
I. Limestone, dark-colored, with hard shale parting 
(exposed) ......... . 
}Iany of the creeks in the vicinity bave ledges of good 
stone exposed in theIr beds, and these ontcrops are 
quarried in a desultory IDalluelf' to supply local demands. 
Indeed nearly all the smaller streams entering the Missis-
sippi river show rock ledges from which stone has been 
taken out in small quantities at various times for founda-
tion and retaining walls and for the construction of the 
Des Moines canal. 
Jefferson Township.- A large part of Jefferson town-
ship is occupied by an old channel of the Mississippi river 
80 that only the extreme western and northern borders 
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may be expected to furnish supplies of building stolle. 
At the present time only two quarries are in operation. 
These are on Sl1gal' creek, two miles above Yiele station, 
in the northwesterll part of the district. They are situated 
ou opposite sides of the stl'eam a short distance above the 
railroad bridgc. On the west side of the creek is the 
·Wemmcr quarry (Tp. 69 W., R. V 1V., sec. 5, NE. qr., 
S'V. i), which has been in operation in a sllloll way more 
oi'less continuously for sixteen years. The CXIJOsed ledge 
is about twelve feet in height, rather thinly bedded above, 
but heavily bedded below, the layers beillg from two to 
three feet in thickness. The stone hardens greatly on 
exposure to the weather. The output is used chiefly in 
the surrounding country for foundation and retaining 
walls. The Applegate opening is in the same beds a few 
hundred yards to tbe westward 011 the west side of the 
creek; the stone is used in the salDe way as that from the 
other quarry. 
Chadeston Townsltip.-The snrface of this district 
being largely prairie upland, with no large water conrses 
passing through it, and deeply covered by drift materials, 
there are few exposures of bed-rock. The principal place 
from which stone is obtained is from the Donnell quarry, 
which is situated about a mile southwest of Donnellson, 
on a small bl'anch opening into Sugar creek (Tp. 67 W., 
R. VI W., sec. 5, SW. qr., SE. ~.) The output is entirely 
local. The upper layers are used for walls and the lower 
oues for other building purposes. The section shows: 
PEET • 
. 1· Drill .......................................... 3 
2. Limestone, broken................................ 3 
I. Limestone. yellowish. arenaceous, massive (ex-
posed) ..................................... 5 
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Elsewhere along the creek u white oolitic limestone is 
exposed. It iB rather thinly bedded and may be taken out 
ill large flag-like plateB. It probably representB the Saint 
Louis limestone so lVell exposed in other parts of the 
county. In the eastern part of the township are a number 
of places from which stone is removed from time to time 
as needed n the immediate neighborhoods. On Panther 
creek (Tp. 67 W., R. VI W., Bec. 13, NW. qr., NE. i) 
the Saint Louis beds form outcrops of considerable local 
importance. 
Van B,tt'l"en TOlvnship.-Little quafl'ying is now being 
done in the district. 'rhirty years ago in the days of slack 
water navigation there was an opening made, half a mile 
northeast of Croton, where 0. massive yellow sandstone 
belOliging to tbe Lower Coal Me.BureB W.B taken ont and 
used largely for the. dams and locks in the Des MoineB 
river. This stone is used Bcarcely at all now. -There are 
also outcrops on Lick and Mumm creeks which often 
afford supplies for local use, but at none of these loca1ities 
is quarrying carl'ied on regularly. On the latter stream is 
the Harlan quarry. Near the mouth of Monk creek is also 
an opening furnishing stone to Belfast and the vicinity. 
Fl'anklin Township.-A considerable portion of the 
township being covered by Coal Measures, sandstones are 
exposed at various points. Over the rest of the district, 
however, limestones prevai1. In the southwest the quarry 
rock is Bupplied from south of DonnellBon; and in the 
southeaBt from tbe Graner place, in West Point township. 
In the vicinity of Franklin there are a number of small 
quarries which afford all the stone needed for local 11se. 
The principal points are north of the town with two to the 
south. All are in the white, granular ledge of the Saint 
Louis limestone. One mile east of the town is the Ed win 
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Graner quarry ('1'1" 68 'V., R. VI "r.o see. 25, NE. qr., 
NE, i) which has recently been opened. Flngging is 
the chief output. The church at Fl'allklill Ims the urea 
around it paved with this stolle. One mile directly north 
of the G"aner place is the Pardel quarry. Most of the 
stone taken out is dressed, and some of it has been sent to 
Fort :ltladisoll. The church at Suint Puul has Illso been 
constructed of it. Two and one·lmlf miles directly north 
of Franklin on Il branch of Sugar creek is a bluD' 40 to 50 
feet high which is made up chiefly of white limestone. 
One and one-half miles farther to the northwest (sec. 10, 
N'V. qr., NE. t) nellr an old coal d"ift the folluwing 
seqnence of strata is shown: 
16. Drift ............................................ . 
15. Shale. black..................................... 2 
14. Coal (about) ........•................ 
13. Fire clay (about) .............................. '.' 1 
Sandstone, yellow................................ 5 
Limestone........................ ............. .• 2 
Shale, laminated, calcareous........... ..•...•. . .. I 
9 Limestone, yellow, magnesIan and somewhat argil-
laceous ...................................... . 
8. Limestone, oolitic, in Rag-like layers .......•...... 
7. Limestone, white. concretionary ............••... 
6. Limestone, oolitic, more massive than number 
eight......................................... 6 
5· Limestone, somewhat irregularlY bedded.......... 5 
. 4. Shale............................................ I 
3. Limestone, oolitic, irregular and flag·like......... 2 
2. Limestone, argillaceous.......................... 2 
J. Limestone, nodular and brecciated l exposed}..... 3 
Some of the layers are utilized for foundation and 
~etaining walls. _ At several other points on the same 
stream quarl'ying has been carried on in a small way. 
West Point Townsldp.-The available stone for bnild-
ing purposes in the West Point district is almost entirely 
from the Saint Louis limestone. The prillcipal openings 
now in operation are in the western part of the township. 
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Two miles northeast of Fronklin is the Kiener quarry 
(Tp. 68 N., R. V W., sec. 18, NE. qr., NE. !) where a 
white limestone of fair quality is taken out to supply 
local demands. One and one-holf miles south of the last 
mentioned location .and about the same dista.nce directly 
east of Franklin the Graner quarry has been opened in 
the bluff. of Sugar crcek (Tl" 68N., R. V W., sec. 30, 
NW. qr., NW. !). The face of the quarry display. the 
following layers! 
FEET. 
Drift •••••••••••••••••••••..•••••.•••••••••.•.•. 10 
9. Limestone, white, granular, oolitiC; evenly textured, 
more or less distinclly cross-bedded ...•....... 
8. Limestone, sub· crystalline •••...•.•••••••.•. _..... 2 
7. Limestone, blue, cQncretionary .......••.. _ ...... . 
6. Shale, blue..................... ................. M 
5. Limestone, granular, oolitic .......... _....... 6 
4. Limestone, brecciated .. ,_ .. .... ............•... 10 
3. Limestone, brown, arenaceous.................... 8 
2. Shale, blue......... ....•.•.......•..... ......... 10 
t. Shale, blue. with geodes •.....•.•.......•.••.••.•. 
Beds 5, 7, and 8 dress well and are used in making 
tombstones. Number 3 is used for all kinds of rough 
masonry and for hases for monuments. All the layers are 
used for manufacturing lime, but number 7 is the best for 
this purpose. 
Three-fourths. of a mile to the south on Little Sugar 
creek (sec. 30, SW. qr., SW. ! ) a fine white .andstone i. 
exposed near the top of the bluff and quarries have been 
opened in it. The stone hardens on exposure and forms a 
moderately good constrnctional material. Below the 
sandstone a good lhnestone crops out which is similar to 
the be.t layers of the Graner opening. The Judy quarry, 
from which stone has been quarried for more than thirty 
yeRI'S, is about midway between Viele and Franklin in 
the northeast quarter of the southwest quarter of section 
thirty-two. The rock is a brown arenaceous limestone 
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which ba. been used for nil kinds of foundations ami 
bt·jdge work. Lime wns formerly burncd at tbis point, 
the stone used coming from layers aboye the present 
quarry ledges. There are numerous other places where 
extensive quarries might be opened, all of which would 
bave good transportation fllcilities. 
Washington Townsl.ip.-The chief outcrops of build-
ing stone oceul' ill the nOl'theasterll part. On Lost creek, 
a sbort distance west of 'Vever station, considerable rock 
has been removed for constt'uctional purposes. The Lange 
quarry is the principal opening; and it is located near the 
Lost Creek church Tp. 68 W., R. IV W., sec. 12, NW. 
qr., SE. !). The output is entirely local alldis chiefly util-
ized in foundation walls, One-half mile west is the Hayes 
quarry and three miles farther upstream (sec. 4, NE. qr., 
NW. !) is the Eoft' place; which has been opened fot· 
nearly twenty years. Other small openings have also been 
worked from time to time along Lost creek. 
(}l'een Bay Townsl.ip.- The greater portion of the dis-
trict being occupied byaUuvial flood plains little building 
stone is to be expected. Only one opening is nolV being 
worked. This is the O'Neil quart·y, which is located One 
mile north of Wevel' and a short distance west of the St. 
Louis, Keokuk & N ortlnvesterll railroad bridge over 
Skunk river (Tp. 69 N., R. III W., sec. 32, SE. qr., NE. i). 
The quarry IS in the Lower Burlington limestone. The 
section presents: 
FEET. 
7· Drift...................... ....................... 3 
6. Limestone, light buff, encrinital.................... 3 
5. Limestone, sandy, 50ft ......................... :.. 1M 
4. Limestone, brown................................. I 
3. Limestone, Iigbt brown with band of chert... ... .... I 
2. Limestone, brown........ ........................ . 3 
I. Hidden to water level.... . ...................... 30 
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Denmark TowTlsldp.- Along the Skunk river, which 
forms the entire northern boundary of the township, an 
ltbundance of good building stone is easily accessible. The 
Bul'lington, Keokuk and Saint LOlli!, limestones are all 
present in force, In South Augusta considerable stone is 
removed f,'om the bed of the river, which at this place 
vasses over rapids. Also in the ra\'ines of the neighbor-
hood numerous small openings have been made. On the 
north side of t.he river are several quarries. Directly 
Horth of the Lown of DenmarI{ stOlle has been obtained fo], 
foundation walls in the crest of the bluff (rrp. (m 'V., R. 
IV W., sec. 17, NlY. qr., NE. !) and elsewhere ulong a 
small ravine some distance from the }·ivel'. 
Pleasant Rid,qe Townsldp.-'- Seyeral quarries are in 
operation, the principal 011es being the Klopfenstein and 
the Bascomb, the former being situated two miles north-
west of Denmark ('l'p. 69 N., R. V W., sec. 13, NW. qr., 
S'V. i). The rock quarried is chiefly the oolitic bed of 
the Saint Louis limestone. It has tl ;vOI'kable thickness 
of about twelve feet. There are oyer twenty feet of ordi-
nary limestone also worked. 'l'he second quarry, the Bas-
comb, is in the northel'll part of the township (section 3, 
sonthwest quarter). It is also in the white Saint Louis 
limestone, and supplies. local demands. Other small open-
ings in the northwestern part of the district are the Ken-
nedy (section 16) and the Balm (section l±). 
JJfarion Township.- In the southeastern corner of the 
district is the old Jarl'et qualTy (Tp. 69 N., R.VI W., sec. 
36, N'V. qr., N'V i). The rock is a nodular somewhat 
cherty limestone, rather regular in bedding but not very 
uniform in texture. Farther up Sugar creek is the Pilot 
Grove quarrJ from which bridging, flagging and fouuda-
tion stone are taken out. rrhe section is: 
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FEET. 
6. Drift ......••...•....•.....................•....... 6 
5. Limestone, thinly bedded, with some chert and clay 
partings........... .••........ .......••....• 5 
4. Limestone, gra)', compact..... .••..••..•.••.•.•... 2 
3. Shale, bluish, calcareous.. ........................ . ~ 
2. Limestone, bluish gray, brecciated ...••..•••.••••. s~ 
I. Limestone, brown, fine-grained, arenaceous (ex-
posed )....................................... 2 
CLAY DEPOSITS. 
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For a district in which the bedrock is so prevuilingly 
calcareous, Lee county is well supplied with clays suit-
able for all of the ordinul'Y uses to which that matel'iul Dmy 
be put. Aside frpm the snperficial deposits which mantle 
the entire (1istrict sc\reml of the geological formations fur-
nish a good grade of clay. Principal among these IlI'e the 
Coal Measures; though the ",Tal'saw beds have recently 
been brought into usc successfully, ond it is expected 
that the Kinderhook shales, which are utilized so exten-
ively farther north at Burlington, will soon be drawn upon. 
Kinderltook Slwles.-The lowest geological formation 
which may be profitably uscd for the manufacture of clay 
products is probably the Kinderhook. The shales of t.his 
division ure 80 weH adapted to the making ora highgl'ode 
of paving brick that they will doubtless come into exten-
sive use for this purpose. These beds, which nrc some 
seventy-five feet ftbov~ the water 1m'eJ of the ~Mississippi 
river atB1.11'lington n few miles beyond the northern bound-
ary of the county, and at HannibaJ, forty miles to the 
south, have their nearest surfl1ce exposure in the vicinity 
of the mouth of the Skunk river. Ther. they mny be 
encountered neal' the water level, but from this point south-
\Yol'(1 they get to be lower and Jower until, in the southern 
2G G. Tlep. 
3!l0 GEOLOGY O}- LEE COUNTY. 
part of the conn try, they fire fully 150 feet benellth the 
rh'er level, find on the bluffs, 250 to 325 feet beneath the 
surlilce. The Uubinger Brick Company at Keokuk are, at 
the pl'Cs.ellt time, sinking u shaft for the purpose of utiliz-
ing these shales at their p18:11t in the western part of the 
city, find it is expected that they will obtain suitable • 
material in the lleighborhoocl of BOO feet. So far as is 
known this is the first attempt to work the Kinderhook 
shales in Lee county. 
Wm'sU1v 81tale.- Although well exposed in many 
places in the county, the only point where these shales are 
utilized for clay products is in Keokuk, at the Huhinger 
Brick Works. As a rule these shale~ are too calcareons 
for the manufacture of good brick and the presence of 
numerous thin bands and nodules of limerock interferes 
with their usage for this purpose without special treat-
ment. At the Uubinger place these difficulties are ,read-
ily overcome. The last mentioned interference is removed 
by running the material through a disintegrator, and the 
first by the proper mixture of the ground clay with other 
yarieties. In differeu.t places tIle Warshaw shales ya1'Y 
1'ery considerably ill lithological characters, in some local· 
ities the clayey portions predominating, in others the cal-
careous parts. With IJl'~per care in selection of sites a 
1arge part of the Warsaw shales might be readily utilized 
for brickmnking purposes. 
(foal Jlfeasures.-The shales of the Coal Measures 
occupy considerable areas in Lee county. They are well 
distributed, and, although chiefly belonging to Carbonif-
erous outliers, extensive pockets of clay shale occur in 
one-half of the townships. In many places coal sufficient 
to burn the materials might be taken out with the clay. 
In other localities but thin seams of coal are present, yet 
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an abundance of good clays often exi8~s cYen where there 
are no coal veins. '1'he drab and yellow shaJes are we]] 
adapted for the manufacture of brick. The clays under-
lying the coal are suitable for making refractory products 
and, when propm-Iy mixed wit)} other clays, for paving 
brick. Some of these light colored clays, when suffic-
iently free from grit, are excellent for pottery ware, and 
m:e widely used in other 1)31't8 of the stnte. On the 
whole the Coal Measure shales are tl10 most valuable 
beds in the county for supplying raw materials for the 
making of aJI kinds of ordinary clay produots. The 
northern and western borders of the county and the 
northcentral portion are well supplied with these deposits. 
Several areas sufficiently large to supply the surrounding 
region for centuries exist ill the vicinity of Keokuk, one 
north of I~and park and the other above Nassau slough. 
Till.-The drift or superficial deposits of the county 
belong to what has been commonly called the lower till. 
It is composed of' two rather distinct subdivisions; the 
basal part, known as the hlue bouJder clay, and the upper 
portion, which is known as the yellow boulder clay. 'rhe 
lower member, though much thicker, is as a rule seldom 
well exposed at the surface, and is rarely utilized for mak-
ing clay goods. It will never be an important formation 
from which to obtain clay for commercial purposes, for 
the reason that tlle yellow boulder clay everywhere over-
Hes it and is much more accessible. The" yellow" boul-
der clay is yellowish or light brownish to gray in color, 
with bands or lenticular masses of coarse sand and 
occasionally pebbles and boulders of crystalline rocks. 
li'requently calcareous concretions are present. Owing 
to these characters, most of the clay cannot be used to good 
advantage in making even the ordinary clay products. 
392 GEOLOGY OF I"EE COUNTY. 
Loess.-This is. the tiue siliceous material which is 
found capping the blnffs everywhere in southeastern 
Iowa. Though differing somewhat from similar deposits 
in other parts of the state in some of its physical char-
acters it preserves on the )\'hole its characteristic brownish 
to ashen color, homogeneous texture and fine silty struc-
ture. The material just as it comes from the excavation 
is. not ·"ery well adapted to making hl'ick and must be 
mixed Witll other clays or receive special treatment to 
destroy a distinct jointed structure which it possesses. 
Alluvium.-For ordinary brick the alluvium has been 
utilizecl to some extent in various localities. Its distribu-
tion is chiefly along the Des :Moines, Mississippi and 
Skunk rivers, though narrow bands are also present on 
some of the larger creeks. 
For the manufacture of ordinary building brick the 
loess, till and alluvial clays are used. These are found 
everywhere in the COUllty but usually only a rough sand-
rolled brick is made. Certain of the. loess deposits would 
doubtless afford a gooa material for a high grade of 
pressed facing brick. 
The paving bricks at present al'e made from the Warsaw 
shale and at but a single point. The Ki.nderhook shale 
will probably soon afford an unsurpassed quality of mate-
rial for pavers although reached at only one point, at-'Keo-
kuk. It ·will doubtless be a long time before other shafts 
are put down for this purpose. The Coal Meas11re shules 
which are so abundant ·in many parts of the county will 
yield unlimited quantities of the best clays for paving 
brick and in the future these deposits wil1 also be drawn 
upon for rond material. 
Pressed and ornamental brick are now made only from 
the Warsaw shales. The Coal Measure clays and portions 
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of the loess are manifestly superior for general purposes 
thdugh a vcry excellent product is made from this Warsaw 
shale at Keokuk. Fire brick, furnace linings and all 
ordinary refractor,)' articlcs may be readily manufnctured 
from the Coni nleastll'e clays which lie immediately beneath 
the conI scams or highly bituminous shales. Pottery clays 
are yet only known in I..lee county in the Coal -Measures . 
.£'It Donnellson they htwe been used for some years. 
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Keol~uk,- The I-Iubingcl' Brick Company has the 
largest and most complete plant in the county. It is situ-
ated in the valley of Soap creek ncar the cemetery in the 
-\,~estel'll part of the city of Keokuk. It has been in opera-
tion three years, and was erected especially for the pur-
pose of maullfactlll'illg pavers and high grade building 
brick. 'f1Iw Keokuk and Northwestern railroad, a hranch 
of the BurlingtoB system, affords good shipping facilities, 
the output being loaded directly npon the cars as it is 
taken from the kilns., Seveml varieties of clay are used, 
the chief one beiJIg from the 'VUl':'HlW beds, Su1'fuce 
clay is also ntili7:ed. As already mentioned an effort 
is being made to mine the Kinderhook shales and for 
this plll'pose il lal'ge shaft is now being put down in OI'del' 
to reach thmp-. It is thought that it will be llccessm'y to 
sink about 300 feet in order to seCU1'e the propel' matel'iul. 
'l'wo-thirds of this distnnce has already becn pasRed 
through. In addition to the 1V arsa w shules now used, a 
loess-like material is obtained on the slopes neal' the plant; 
this is uscd chiefly in combinations. ffhe raw materilll is 
very thoroughly treated, It first goes through It Potts 
disintegmtor, from which it passes into n dry-pan and 
then through II twelyc·mcsh revolving screen of the 
394 GEOLOGY Olo~ LEE COUNTY, 
. "\ViIliams pattern. The finely sifted Dmtl'l'iuI is then 
elevated to nn Andrus dry press or a FI'ey-Sheckler 
double dye, automatic, end-clIl, stiff mud machine. The 
compnctmud blocks ore loaded all smull cal'S and run into 
a four tUllnel Chicago Ironclnd dryer where they are left 
twehe hours. Two Raymond Columbian steam power 
represses are also in U!3e. There are now ~ve NudaHy 
downdraft kilos in operation. They have a combined 
capacity of 800 000 brick. For the dry preBscd brick 
seven "days are consumed in water-smoking and Beven 
dnys for prqperly bllrning. For the stift' mud bricks 
twelve days nre necessary. A large variety of 1ight 
colored and red building brick are made and a good line 
of pavers. 
In the northern part of Keokuk iB the Spaan brick 
yard. Tbe output consists entirely of sand-rolled, brick. 
These are mode from an ashen silt or bleached loess. Only 
the upper fourteen inches is used. 
The Worley yard is on Concert avenue, between Eigh-
teenth and Nineteenth streets. Rarely more than a couple 
of kilns are burned each ~e8Bon. The clay used is the 
humus bearing sill, similar to that used at tbe Spann place. 
The burnt product is used chiefly in the building of side-
walks. . 
Fort Madison.-There are several brick yards in this 
neighborhood, all using drift materials. One of the oldest 
yards is- the Reichelt in the southwest quarter of section 
thirty-foul' of Washington township. It has been in 
operation for about thirty-four years. The clay used is 
·the upland loess of the region and is taken out to a depth 
of three feet. Below this depth it assumes a jointed cha .. -
acter and cannot be used to advantage. A Penfield 
plunger was formerly used, but this has been replaced by 
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a stiff mud machine patente,l by the present opomtor 01' 
the yard. A Carnell & Co. band repress is sometimes 
ca1led into service. The kiln is a down draft l"cctanguI8l' 
pattern of the Reichelt patent, nnd hilS a cllpllcity of 
60000 brick. . 
The Stillern ynrd is about onc amI one-half miles north 
of the town on the prnil'ie upland. PrC\'i~us to 1893 slllld-
rolled brick were made. Sillce thnt time a home made 
stiff mud machine has been in operatipn and a )Iiller hand 
press. The clny is the upland silt, 01' loess, nml is taken to 
a,depth of two feet. A short ,listnnce to the north is the 
Meyertbnlen yard where brick have been made by hand 
for upwards of two score years. The material useel is 
similar to that at the Stillern plnee. It is prepared by 
continually spading-nn old style foreign method. 
, On the mnrgin of the 1Iood plaiu of the Mississippi is 
located the Hausmann yard. FOr several seasons hand 
made brick were turned out. Subsequently a Frey-
Scheckler machine was used. At the present time an 
"Ohio No.2" of the Freese &; Co. pattern is in operation. 
Two grn,\es of clay are used. One is the upland loess 
and the othet· the alluvial clay at the foot of the blnff. 
The former is dug to a depth of five feet; the Intter mny 
be used to a grenterdepth. Two and one-half miles north-
west of the business p"rt of the town is thc'Vigginjost 
yard. Upland silt to a depth of twenty inches is used. 
The soaked clay is spnded and respad .. 1 before being 
moulded. N em' the northwest limits of the town, on the 
'Vest Point rond, is the Bartell yard. Saml-rolle<\ brick 
arc made from the upland bleached loess. 
Donnellson.- At the west edge of town a smull yard 
was opened in 1891. The brick werc hmul macIc from 
pt'nil'ie soil amI were used ill' building the school honse. 
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At the juuction of the two. lines of railway was the new 
Pottery whel'c an the common varieties of stone and 
earthenware wm'o mllllufactured. 'l'he raw material wus 
taken from the Coal "Ieasllres about thr~e miles north 
of the place. The ware was a little grity but otherwise 
very good. Thc pottery has recently been moved to 
Farmington, a few miles to the wes~, in Van Buron 
county. 
SANDS. 
Sal\ds suitable for building purposes are derived chiefly 
from the stream beds. The Skunk, Mississippi or Des 
~Ioines supplies at almost any point an abundance of good 
sharp riYel' sand capable of' uniting mOl-tar in strong bond. 
On the srunner stl'eams the sand is obtained from the hal's 
which appeal' at low water. Along the Mississippi the 
sand which is dredged from the ·channel appears to be 
morc satisfactory and is' used in preference to t11at which 
may be obtained 011 the bars. 
In the drift there are frequeutly lenticular beds of sand 
which might be readily utilized for building purposes. 
They nrc scattered widely over the entire region. 
Another SOlll'ce of sand is the soft sandstollt' of' the Ooal 
llIeasures wl1ich occnpy a considerable portion of the 
county. These sandstones in places m'e quite incoherent or 
readily disintegrate on exposm'e to the weather, and often 
fUl'l1ish a clean, sharp-grained material equal to the best 
river sand. Certain beds of the Coal lfeaSlll'e sands nre 
pure white and are practically devoid of iI'on and othel' 
impurities and could probably he used for manufacturing 
the ordinary grades of glnsswHl'e.. SlIuds. for moulding 
purposes in iI'on foundries nrc genemlly obtained fl'om the' 
dl'ift beds the material fonnd there being finer and more 
11Omogcneons thnn the ri"er sands. 
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ROAD MATERIALS. 
'.rhe subject of good highways haR been agitated as 
much l,el"haps ill Lee county as nny othel" place in 
Iowa. ThCl'e are probably few conn ties in the state which 
are possessed of slIperior m.nterinls for the bettel"ment of 
the principal roa<1s. As the matt .. · of cost enters lal"gely 
iuto the consideration of improvement, "the use of mnter-
inls is necessarily limited to a few kinds. In the cities 
and large towns maeadam has been nsed almost exclu-
sively heretofore, but its extension to country roads has 
been very limited. 'Yitrified brick, however, are now 
being sllccessfully used for paving streets, and in the 
larger 111&ces elsewhere they are replacing everything else. 
For the country highways there are in Lee county at 
least three kinds of material of wide distl'ibution which 
may be made readily available. These are stone for 
macndam, gravel and burnt clay. The· first of these 
may be foum\ in nearly every part of the district. All of 
the limestone formations alford good ledges. The cost of 
preparation, of breaking the large blocks into sizes sma)) 
enough for plncing on the roads; is considerable, and 
hence this material could be used only on the leading and 
much traveleu routes. Roads thus improved and properly 
cared 'for from time to time last indefinitely, and the cost 
of repairs is very slight if done in the right way. The 
location of suitable ledges is such that the trnnspOI'tntiou 
of lDaterial is reduced to a minimum. 
'l'ho grayel beds lire widely scattered. The rivers ami 
larger creeks afford abundant material, as does also the 
drift. 'l'he distances o\"er which i.t would be necessary to 
move the material would be greater thau in the case of the 
stone formacadnm; but for two 01' three miles in each direc-
tion considerable stretches of I'oadway might be covered, 
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Burnt clay is.n material which has not come into use 
very extensively for ·,·oadways. Railways arc using it 
largely in Borne l)lnces in preference to gravel and stone 
for ballast. Driveways to residences are frequently cov-
ered with it as it beats dowp, hardens and does not cut 
up 01' become mmldy. This use might be widely extended. 
In the areas having coal the highly bituminous and 
other shales, mixed with poor grades of coal, could be 
readily used in road improvement. At the Jarger mines 
the" dl1mps" afford large quantities of cJay shaJe already 
thoroughly burnt and the roads for seyomi miles in either 
direction couJd be soon covered with tbe best ofmateri.ls 
at merely the cost of hauling. 
The materials for good roads are, therefore, apundant 
in Lee county and readily accessible on every hand. It 
remains for local enterprise to use them. 
CEMENTS. 
From time to time hydraulic rock has been reported 
from the southeastern part of the state. It has usually 
been Bssocioted with the coal beariug strata. Probably 
the dark gray calcareous band frequently found over coal 
seams is commonly referred to; but even if this were a 
high grade material for the manufacture of cement, the 
Jayers are seldom more than a foot or so in thickness and 
hence the cost of quarrying would be too great to render 
it profitable. All abulldance of good clays is present in 
close proximity to the pure white Saint Loui. limestoues, 
and with coal also profusely at hand, paying plauts might 
be erected at several points. . 
LIME. 
Material suitable for the manufacture of quick lime is 
abundant in the greater part of the county. The Bur-
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lillgton limestone nfl'ol'£ls a fairly good grade of limerock 
and has been burned tit a number of plnces a short dis-
tance north of the Skunk river. Ou the south side of 
thut stream tho same stonc has also been bUl'ned at 
severlll points. 'rhe Keokuk limestone furnishes good 
ledges for HOle und has been utilized at n Dumber of 
points for many year8. Keokuk and Montrose ure the 
principal places, Most of the lime which has been bUl'ned 
in the county has been derived from the wbite Saint Louis 
limestone. At Keokuk and the vicinity, east of Franklin 
and northwest of Denmark, kilns llave been crected and 
considerable lime manufactured during the many years 
tbey have been in operntion. By the judicious selection 
and use of the magnesian limerocks a very superior arti .. 
cle might be readily mnde, as dolomitic stones, those con-
taining both magnesia and lime, are commonJy regarded 
8S making a better bond in mm'tars than when pure lime 
is used. 
MINERAL!!. 
Besides the deposits which nre now being utilized 
there are a Dumber of other minerals which are not 
mined at the present time. Some of these are found only 
sparingly 01' in quant.ities too small to be of yallle as com-
mercial products, yet possess considerable worth as min .. 
eralogical specimens, and as such frequently command 
good prices on account of their beauty, rarity or scientific 
interest. 1tfany minerals, particularly the metallic sub .. 
~tances attract much popular attention, but occur in too 
limited amounts to pay for working them, yet they 
annunlly cause a great waste of time, energy and money 
in luring persons with the hope of hi,lden wealth. Some 
minerals not now attracting attention may in the near 
400 GEOI.OGY OF LEE COUNTY. 
future develop into sufliciently important deposits to call 
forth both brawn und gold. 
Coppel·.-Small masses of native copper have been 
picked up at various points, but it is not to be expect",l 
that this is any proof of the presence of copper in pnying 
quantities; as the masses arc derived from the drift and 
hence have been transported by ice from the copper 
regions of the north. 
Gold.- Native gold being one of the most universally 
distl'ilmted of minerals occurs ill the drift in small quanti-
ties where it hus been concentrated through a natural pro-
cess ycry similar to panning. r~rhe small deposits, though 
frequently arousing considerable local excitement, need 
not be taken anywhere in Lee county as an indication of 
quantities of commercial importlillce. 
saver.-Although this metal probably does not exist 
in commercial quantities in this part of the country, it is 
reported that certain layers of the limestone below the city 
of Keokuk have yieldcd so much as foul' or fiye ounces to 
the ton upon careful assaying. 
Bplwlerile.- Zinc blelluc 01' the sulphide of zinc, one 
of the commonest of' zinc ores, is J'ather widely distributed 
in small quantities, sometimes occupying smnl1 cracks und 
crevices in t.he rocks, sometimes lining small cavities left 
by the remains of fossils or often occurring in geodeflo 
In the latter place it is found in thin well crystallized 
masses associated with calcite and quaL'tz. Some of the 
cl'ystals found mensum an inch along the edges which are 
quite sharp and well defined. 
Pyrite.- Aside from the regular masses of iron pyrites 
the common sulphide of iron OCCllrS abundantly in certain 
layers. Small pyrite crystals are abundantly seattere,[ 
thl'Ough many of the limestones and shales. In the bitumi-
IOWA GEOLOGICAL SURV EY. PLATE XXX II. 
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nom; Ahales of the coal deposits large qunntities of" this 
mineral nrc disseminated in fine particles, and also in 
irregular concretionary masses. Frequently pyrite is 
fOllndreplacing the calcite shclls of fossils. Many of the 
geodes eontaiu abundant crystals, usually small but with 
bright glistening faces and sharp edgeR. They often 
stud the intorior of calcite and quartz lincd grottos, 
sometimes sparingly, at othol' times forllling almost. u com-
plete lining. Occasionolly cubes nre also found attached 
to the edges of e.lcite amI quartz crystals. 
Millerite.-The sulphide of nickel b.s been known to 
occur in very minute quantities in geodes. Recently it 
has been discovered in largel' quantities in small cavities 
in the npper part of tbe Keokuk limestone at Keokuk .nd 
Fort lIadison. As minerulogical specimens some of" these 
are perhaps the finest ei·er· discovered. The mineral 
OCCllrs in fine yellowish filaments, penetrating crystals of 
clear calcite arter the manuel' of the .fleeltes d'amoul' or 
rutile needles in quartz; also in tufts of c10se]y nppressed 
needles. The cavities in which the mineral occnrs vary 
from one upwards to twenty OJ' more inches. These hol-
lows h.ye large tbickly set rhombohedrons of calcite pro-
jectiug in towards the center. The faces are brightly 
rellecting and the edges sharpely cut. In some of the 
ca1cites are found beautiful clusters of tufts having closely 
arranged brass colored needles of milleri te protruding 
from the center of attachment in all directions to a dis-
- tance of one and one-half to two inches. In some of the 
ex.mples the tufts are made up of hundreds of fille filu-
ments, often so close together that the needles of the 
different clusters are interwoven so as to form a dense 
matted ma.s. Often a perfectly transparent calcite ha" a 
tuft of long !Datted millerite completely enclosed; or a 
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port of the tuft may be embedded in the lime crystal, the 
extremities of the needles projecting outside. Musses of 
the calcite thickly co,'ered with the nickel hearing needles 
sometimes weigh over fifty pounds. The millerite at Fort 
Madison OCCUI'S in n similar way, the needles sometimes 
adhering to onc anothcl' and forming bundles, often severnl 
ounces in weight. 
Oalcopyrite.- This mineral is fonnd sparingly in small 
but very perfect crystals, in certain geodes occurring at 
Keokuk It occurs enclosed in calcite, tlle crystal forms 
being the tetrahedron with the corners truncated. The 
crystallographic pl"nes are brightly reHecting and the 
edges are clearly cut. Perfectly formed crystals from 
one-quarter to one-half of an inch in size arc found fre-
quently. 
"Qua',.tz.- Though this mineral is rather widely distrib-
uted, the most interesting occurrences in J .... ee county are 
in connection with the geodes. The geodes are found 
scattered through a sbale lying immediately above the 
Keokuk limestone, and the layers containing these are 
widely known loc8Uy 8S the" geode bed." . The geodes 
are miniature grottos, lined usually with quartz crystals. 
III size they v.ary from a few inches up to two feet or more. 
They are usuaUy more or less spherical bodies composed 
of shells of calcedonic quartz. Lining the inside of these 
shells are quartz crystals sholVing a large development of 
the prism, terminated by the fundamental pyrainid. Often 
the quartz crystals are do.ubly terminated. Frequently 
lurge crystals of calcite rest on the quartz and the whole 
is frequently studded with small crystals of "arious 
metallic sulphides. Some of the geodes, instead of being 
lined with quartz crystals, have on the interior chalcedony 
in the form of botryoidal masses. Though 8S a rule the 
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geodes 1Il'C hollow, Illany of these lire perfectly filled. The· 
quartz geodes are generlllly confined to the lower part of 
the bed, while the calcite geodes occur most abundantly 
in the upper part. Usually the qmll'tz is limpid, though. 
some times milk-white, rose-colored or reddish. ' 
R·utile.-In certain geodes there have recently been 
found some very minute :yct ,'cry perfect crystals of a 
mineral which appears to have all the characteristics of 
rutile. 
Limonile.-This is found sparingly in muny localities 
as a pseudomorph after pyrite. Small quantites of the 
massive form arc also founel. 
Calcite.-This OCClll'S abundantly in the rocks of Lee 
cOllnty, filling narmw veins and cre\Tices and lining small 
CaVel'TIS. Beautiful crystals are abundant. In muny of 
the quartz geodes, nSllally in those found nC31' the top of 
the bed containing theslJ bodies, single crystals of the cal-
cite, showiilg perfect crystallogl'aphic faces, oCCnr resting-
immediately upon the quartz points. Sometimes a single 
lime crystal will nearly fill the entire cavity. In the Keo-
kuk limestone th'ere are often small cavities which are 
lined with beautiful crystals of this mineral. The aggre-
gates are arranged around u cavity just as in the geodes, 
but there is no quartz lining, the calcite being nttllched 
directly to the limestone. Among the most interesting 
crystal forms found is the fundamental rhombohedron 
which occurs abundantly. A. very large series of rhom-
bohedrons and scalenohedl'ons has been obtained among 
the Keokuk calcites. Beautiful specimens showing ,'ici-
nal planes are also of frequent occurrence. The majority 
of all these crystals lining the limestone cavities are as 
perfectly transparent as Iceland spal·. 
, 
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.Aragonite.-This forOl of Hme, identical in chemical 
composition with calcite, but differing only in the system 
of crystallization, is occasionally found ill geodes. 
Dolomite.- Crystal forms showing the yarions planes 
occnr in the magnesian limestones. 1'he finest crystals, 
however, are met with in the geodes. 
Kaolin.-A fine, SIl.OW white powder frequently found 
in the bottom of geodes appears to be the hydrous silicate 
of' aluminium. 
SOILS. 
It is hardly necessary to direct special attention to the 
sons. For the most part those of Lee county are rich. 
The uplands are covered everywhere with a black loam-like 
humus to a depth of two or three feet. Although derived 
almost entirely from the drift, there are but few places 
and these quite limited, where the tenacious and nnb .ct-
able "gumbo" occurs. 
Along the stream the alluvial bottoms are somewhat 
more sandy than the soils of the uplands, but seldom .so 
arenaceous as to interfere with cultivatioll. 
WATERS. 
rrhc waters may be divided into three classes: the sur-
face, the artesian and the mineral. On the whole the 
county is well supplied with flowing streams. Over four-
fifths of its boundary is made up of the largest streams in 
the state and into these flow several smaller courses which 
rnrely run dry. Everywhere, it may be said, wells of 
moderate depth yield an abundant and never failing sup-
ply of good wholesome Water. This is the case whether 
on the uplands 01· in the alluvial valleys. Springs of good 
AUTESIAN WELLS. 405 
water also occur in nearly every township. Some of these 
nearly fail during protracted periods wheu there is small 
raiufall, but others are neYer failing. 
The artesian waters of the district are of particular 
interest. In the southeastem half at least and probably in 
all of the county the conditions are favorable for water 
supplies of this kind. The Keokuk syncline or trough 
underlics many square miles and the pressure is sufficiently 
great to produce flowing wells at most points at least. 
Depths of from SOO to 1000 feet usually reach the wat'-r 
bearing stratum. At Keokuk sevcral wells have been put 
down at the top of the bluff and large rese1'\'oirs have been 
built to contain the overllow. The strata passed through 
by one of tbe principal wells - the Hubinger-are given 
in section number I II' in connection ·with the general 
geology. 
!fhe so called mineral springs which occur in various 
parts are similar to those which occur abundantly through-
out the coal fields. But usually in Lee county they are 
too small to supply more than local demands for a water 
containiD"g various Bulphates. 
The following is the record of the well put down by 
the Fort Madison Paper Company. The surface at the 
well is twenty-one and one-half feet above the water level 
,of the river, which is 502 feet above sea level. 
THICKNESS. DEPTH. 
5. Black loam, quicksand and blue clay, not 
separaied in the record, dou':ltless 
largely the last...... ............... 145 145 
4. Limestone. ...... ....................... 35 ISo 
3. Shale, blue and white................... 250 430 
2. Limestone.............................. 180 610 
J. Sandstone (water-·bearing)............. 77 687 
2'iG. Rep. 
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The Atlee well which is about twenty-five feet above 
this, shows 190 feet of clay and alluvium, while the Hos-
pital well, at nearly the same elevation, shows 185 feet. At 
the Paper :Mill the rock surface is found at 379 feet above 
sea level, while the .A.tlee well and the Hospital well agree 
very nearly in }Jlacing it at ahont 365 feet. 
At Mount Clara, which is· situated at the sumn'.it of 
the divide, west of :Montrose, a well put down on the Beck 
place shows the following 3l'1'angement: 
Clay .. _ .. ................ ....... 250 'so 
Sand •• 55 ~OS 
Limestone, white ...... ........ 
'5 330 
9· Shale, while 8 338 
.. Limestone .. 34' 
,. Shale ....... .- .............. -.. 
"5 66S 
.. Limestone .. _ ....... "5 ,8, 
5· Limestone .......... '9' 
4· Limestone, flinty ...•...... '5 8,8 
, Limestone_ ... 40 858 
,. Limestone, ha.rd 5 86, 
,. Samples carried away by water .... ,. 939 
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INTRODUCTION. 
SITUA'I'IOX .AND RXTENT. 
Des :Moines lies on the eastern boundary of the state 
and is the second county aboye the south state line. Its 
areal extent is about 415 square miles. In outline it is 
roughly quadrangular, the :Mississippi and Skunk riYers 
forming the irregular eastern aud southern boundaries. 
The fOl'mm' strcnm separates the district from the state 
of Illinois and the latter from Lee county. Louisa county 
adjoins Des nloilles on Jhe .llorth and Henry all the west. 
PUEYIOUS WOTtK. 
It is very remarkable tlwt, widely as the region under 
consideration is celehrated geologically, little 01' nothing 
has heretofore been done to set forth its economic 
resources. The rocks which are typically de\"eloped Ht 
the city of Burlington, where they were first described, 
and which arc known enwywherc under the name of Bur-
lington limestones, stretch out over all urea of more than 
one thousand sqllarc miles. The peculinr constrllction of 
the Burlington limestones, made up as they are of the 
skeletal remains of marine organisms closely related to 
the modern star fishes and sen urchins, makes the forma-
tion Olle of unusual interest. Burlington crinoids are 
known throughout the world as objects of surpassing 
beauty. They are sought for and highly prized every-
where. In consequence, a great deal of attention has been 
directed to the consideration of the fossils i}l the rocks, 
ruther than the rocks themselves. Everything, therefore, 
which has been written concerning Des :Moines county, 
with the exception perhaps of Worthen's short acconnt, 
consists of descriptions of fossils, with only occasional 
incidental explanations of ,the local geological features. 
29G. Rep. 
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PH YSIOGRAP H Y. 
SURFACE RELIEF. 
As in Lee county, the surface of Des Moines forms an 
upland plateau having a slight incHnation to ~he southeast. 
Interiorly the elevated plain i. gently undulating, but 
much more rolling than in Lee county, on account of the 
character of the streams and the nature of the strata tra-
versed by them. The eastern and southern margins of the 
plateau are abruptly cut off by steep declivities reaching in 
many places to the water's edge of the bounding streams. 
The escarpment along the Mississippi river rises to a 
height of 150 to 200 feet above the tIood plain of that 
stream. It is very much steeper in Des Moines COllllty 
than either to the north or to the south. This is probably 
largely due to the character of the rocks, an" the peculiar 
association and arrangement "of the various beds. The 
massive, heavily bedded limestones forming the top of the 
bluff are underlain by much softer strata in the form of 
shales, which often occupy fully one-half of the vertical 
height of the section. The shales, disintegrating much more 
rapidly than the harder limestones, leave the latter sta:p.d-
ing out in bold perpendicular walls or overhanging cliffs. 
Along the Sknok river, the bluff. are not so rugged, but 
approach the lowlands in much more gentle slopes. Here 
the strata are more uniform, the shales in passing south-
ward having dipped beneath the river level. 
"As is so characte_ristic of the county fat·ther southward 
in lown, the general plu tenu border is dissected by small 
ravines and gorges; ill which the minor water COUfses run. 
As they al}proach the escarpment ~he streams brenk into 
cascades. In passil.lg back towards the interior the water 
courses quickly entel' broad, shallow" vaneys. 
IOWA GEOLOGICAL SUR VEY. PLATE XXX IV. 
INDIAN SPRING ; NEAR BURLINGTON. 

G]<~NERA.L PLA.TEAU SURFAOE. 
While the elevated plain which forms 
the greater part of the county bas a surface 
gently undulatory, there is noticeable, in 
the center of it, a broad, shallow depres-
sion, occupied by the dentritic drainage 
system of the Flint river. The general 
plateau is thus subdivided into two smaller 
plains separated from each other hy a BllOI-
low basin. Together they repre,ent the 
original plateau surface. i 
The profile across the county, running ~ 
westward from Burlington along the line 
of the Chicago, Bnrlington & Quincy rail- J 
;road, indicates the more salient features in 
the topography of the district. The gen- i 
eral uniformity of level is well expressed 
in the plateau surface, continuing to the ~ 
very verge of the Mississippi escarpment. J 
(Figure 26.) Another profile, constructed I 
at right angles to the last, and extending !' 
from Burlington to the north county line • 
along the course of the Burlington, Cedar ; 
Rapids & Northern railroad, expresses • 
similar relations between the plateau sur- t 
face and the escarpment, the latter her. 
being represented by the bluffs along Flint 
river, though this feature is not noticeable 
in the profile, since the railroad follows 
down the valley of a stream. (Figure 27.) 
The character of the relief of the region 
in the vicinity of the Mississippi escarp-
ment is well exhibited in the neighborhood 
of Burlington. The area may be taken 8S 
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typical of the entire district. It is repre-
sented in the accompanying map (figure 
34 ), cOlls~rncted from street and railroad 
elevations and from lines run with leyel 
und rod. rrhe highest portions to the 
west mel'ge into the generalle\'el of the 
upland plateau; to the east they abruptly 
terminate in the precipitous blufl's 
borderIng the 1IIississippi. 'rhe minor 
wutenvuys, us Hawkeye creek and its 
tributaries, have trenched short, steeply 
inclined V-shaped COllrses. Flint riv-er, 
in the nOl,thern purt of the area mapped, 
presents the same features. For a num-
ber of miles, however, it has corraded 
its bed-down nearly to the level of the 
water in the ~fissi8Sippi, yet its lateral 
erosion has becn slight, as is shown by 
the high mural bluffs on either side. 
The highest place in the county is a 
few miles from Mediapolis, which has 
an eleyation of 780 feet aboye sea level. 
The lowest point is at the mouth of the 
Skunk rher, whieh is in the neighbor-
hood of 499 feet above tide. 
The lowland plains or river bottoms 
are comparatively unimportant, save in 
two places. The flood pJain of the Mis-
sissippi, whieh is usually from eight to 
ten miles in width, is a1most entirely 
on the east side of the stream. The 
river for fully one-half of its extent in 
Des :Moines county hugs the west shor~ 
\nD'l'H OJ<' FLOOD PLAIXS. 
nnd lc;wcs for mucl1 of the distance no 
space wJHltcVel' between the water und the 
nem'ly pl'eoipitious bluft'. The profile of 
the }IississiPPl gorge at Bur1ington is 
shown in figure 28. In the northern part 
of the county the flood plnin of the Missis-
sippi is for it short distance three or foul' 
miles in width, but it rapidly contracts to 
less than a mile, amI finally, a short dis-
tance above Burlington, to pl'nctically 
n"othing. In the southerll portion of the ~ 
county, at the mouth of the Skunk river, ~ 
the flood plnhj of the west side of the 
~ great water COUTse abruptly widens out for ~ 
a short distance. g, 
The floO(I P)~ins along the Skunk river ~ 
are quite narrow, being for most of the ~ 
distance that the stream traverses D"cs ¥" 
lIoincs county, nowl1ere much morc than [ 
a quarter of a mile in width. 
Along Flint river the nlluY"ial plains are ~ 
also very lHlrr<»v. Immediately abo,~e its ~ 
mouth the stream for seyeral miJes flows in ~ 
a narrow gorglJ; but fal't1wl' on t1~e vaHey 
widens ant anil nm'row flood plains occur 
for some distahce. 
In the sub.joined table the elm'ations 
abo\'e the sea level are gi\'en for all im-
POl'tant places iil the county. 
417 
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Burlington-
Low water. 
High water. 
Union depot. 
Danville. 
Latty. 
Linton. 
Mf!diapoJis. 
Middletown. 
Patterson. 
Sperry. 
West Burlington. 
Yarmouth. 
ThOle oj Altitudes ill Drs .Moines County, 
,U 
"7 
'33 54' 757 
". 179 
7'7 
'" ~ 
DRAINAGE. 
Miss. Riv. Com. 
Miss. Riv. Com. 
Miss. Riv. Com. 
C., B. &Q. Ry. 
B., C. R. & N. Ry. 
R, C. R. & N. Ry. 
B., C. R. & N. Ry. 
e., B. &Q. Ry. 
c., B. &Q. Ry. 
B., C. R. & N. Ry. 
C., B. & Q. Ry. 
B. &NW. Ry. 
Des Moines county is well drained. The :Mississippi 
river, though passing' along the entire eastern border of 
tlle district, drains directly but little of the region; most 
of the surface water being carried off by means of small 
streams before reaching the larger water course. The 
greater part of the rainfall which finds its way ultimately 
to the Mississippi is carried thither by two streams) the 
Skunk and the Flint. 
Mississippi River.- As already stated, this stream 
traverses the entire eastern side of the county, flowing 
sonth, wjth a slight western deflection opposite Oqua\vka. 
Though meandering through broad al1uvial flood plains, it 
flows along the southern half of its course in the county 
on the western margin of the gorge. In the northern part 
of the district numerous bayous and sloughs, which have 
at all times more or less direct communication with the 
river, occupy almost the entir~ flood plain. In times of 
high water the lowland plain from one side of the gorge 
to the other is covered by an unbroken expanse of water 
and the river is then from six to nine miles wide. The 
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Figure "9. Drainage of D~1i Moines County. 
drainage of the county, which goes directly into the :Mis-
sissippi, is confined to that from smaU creeks which dash 
over the escarpment in foaming cascades. The principal 
creeks are Swank, Dolbree, IIawkeye, and Spring; Flint 
river and its tributaries coming in about midway between 
the north and south lines of the county. 
Skunk Rivel'.-This stream, forming the southern 
boundary of the county, receives a number of small creeks. 
It drains about one-sixth of the total area of the district. 
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EYCl'ywhcl'e except where it bcgins to meander through 
tbe flood pluins of tbe Mississippi 'it flows in • narrow 
valley. 1'be'lJI"incipal creek~ flowing into it'are Long and 
Bush. 
Flint Rh·." drains about two-fifths of the county; and 
the entire central depression formed by its basin is n mthel' 
morked feature in the topography of the region. It rises 
in Henry county and flows southeastward, entering the 
Mississippi a short distance above the city of Burlington. 
STRATIGRAPHY. 
General Geological Relations. 
Des Moines county lies, entirely witbin the belt of 
Lower Carboniferous strata, which extends in almost 
unbroken continuity from the ~innesota line soutlnvRl'd 
into Alabama and New Mexico. For the most part the 
rocks are mnssh'c Ji~estones, though at the base there is 
a thick shaly member which, howevel', is not exposed 
except alollg the base' of the :Mississippi escarpment. In 
the southwestern part of the county several sIDull outliers 
of Coal }Ieasures exist. 
0"e1' .11 the stratified rocks a mantle of glacial drift is 
spread, greatly softening the effects of previous erosion. 
Only in a few places beYOlid the immediate neighborhood 
of the }Iississippi bluft· has the action of post-glacial 
waters cut through the d."ift sheet and exposed to view 
the indurated rocks. 
Tbe superposition of the various geological formations 
which outcrop within the limits of the county is indicated 
in the subjoinelI table: 
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Cl~l8ilijlc(diOli 0/ Grol(J!Jir:al }'ornl(ftirJIIs. 
OIIOUI·. I ST.\II£., 
Cenozoic_ Pleistocene. Drift_ 
Terrace_ 
loeSs_ 
Till, 
----1----1----1--------
Coall\Ieasures. Des Moines. Sandstone and shale. 
1 
St. Louis. I Brecciated and whife 
limestone. 
-----------
Keukuk limestone. 
I I "onuo,. ,h.,,,. Paleozoic. Carboniferous. Mississippian. Augusta. Upper Burlington limestone. 
I 
Lower Burlington 
limestone. 
I I~~~ 
GENERAL SEO'l'ION. 
The maximwn vertical meflsnrement of all the geologi-
cal formations in Des Moines county takcn togeth.cl' is 
approximately 560 feet. The greatest thickness shown 
in anyone plnce is at Burlington, where outcrops sixty to 
one hunch-cd and twenty-five feet are not infrequent.. Of 
the general section numbers, 1 to 11 nre best exposed per-
haps in the neighborhood of Burlington (section I); 11 
to 13 are well shown in the vicinity of Augusta (section II); 
numbers 13 to 15 nrc found outcropping in the extreme 
southwestern corner of the county (section III), as nre 
also 17 and 18 (section IV). The qnaternary deposits 
nrc well shown at mnny plnces and eSllecially well nlong 
tbe c .. est of the Mississippi escarpment (North Hill 
section). 
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Flgu,eJO. GellURI Sttlion o£ Geolog;rnl FOrlJ1Rlions.. 
The few sections 
taken together rep-
resent all the strata 
exposed above the 
level of the streams 
in Des Moines 
county. They may 
be regarded, there-
fore, as indices to all 
the rock beds exist-
ing in the district, 
and all sections 
wherever found 
within its limits may 
be referred directly 
to them. Their posi-
tion and close rela-
tions with other sec-
tions enabJe all the 
stratigralJhical work 
of the county to be 
referred directly to 
them as starting 
points and standards 
for correlation. 
STANDARD SEC-
TIONS. 
The outcrops show-
ing the lithological 
details of the lower 
half of the general section to the best advantage are 
found in the southern part of the city of Burlington. 
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On the north end of Prospect hill, west of the railroad 
bridge across the :hIississi}Jpi, and in the immediate vicinity 
the following section is shown: 
L Section at Prospect Hill, Bw·lington. 
Loess.... ............... 15 
Till; yellowish brown clay, with pebbles and small 
boulders .......................•... 
9. Limestone, white, thinly bedded ......• 
8. Chert and silicious shales, with thin, irregular lime· 
stone beds, white and red in color ........ . 
7. Limestone, brown and white, rather heavily bedded. 
coarse·grained, sub·crystalline; becoming more 
thinly bedded and cherty above ... '" . 25 
6. Limestone, buff, soft, sandy locally................ 5 
5. Limestone, white, oolitic... ..........•..... 3 
4. Sandstone, yellowish. soft, fine·grained, highly 
charged with casts of fossils ••.•. 
3. Limestone, argillaceoUS, fine·grained, with often an 
oolitic band or thin bed of purer limerock at 
base •.•..••....•...•..... 
2. Sandstone, yellowish, soft, friable. clayey... .... 25 
I. Shale, blue, argillaceous, shown by borings to 
extend 100 feet or mbre below river level 
{exposed )...... 60 
The relations of the Upper Burlington and Keokuk 
limestones with the cherts separating them are shown best 
perhaps at Augusta (Tp. 69 N., R. IV 1V., sec. 24). 
IL Augusta Section. 
4. Drift .•....•... 
3. Limestone. bluish, encrinital in places, clay partings 
often highly fossilirerons (Keokuk). 
2. Chert, wbite, thinly bedded, with thin irregular 
bands of limestone (Montrose )...... 30 
I. Limestone, white, coarse·grained, encrinital (Upper 
Burlington). exposed 15 
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Farther up the Skunk the Saint Louis rocks arc found 
ill the top of the blut)'s 011 both sides of the stream. The 
section on the north bank ('rp. 69 N., R. I,r W., sec. 6, 
SIV. qr.) gives the following: 
III. Section near SOllthwestm'n cotner of County. 
5. Drift.. 
4. Limestone, brownish, shaly (exposed) .. 
3· Limestone, buff, somewha~magnesian. rather massive 4 
2. Shale. blue, with thin, discontinuous bands of impure 
limestone, and containing geodes in the lower 
part 25 
1. Limestone, blue and gray, with considerable chert, 
rather heavily bedded (exposed)..... 30 
The Coal :Ueasul'e deposits of the county are shown to 
the best advantage a few miles southwest of Danville 
(Tp. 70 N., R. YI ,V., sec. 5, NW. qr., NE. !) : 
IV. Section Southwest of Danville. 
7. Drift 
6. Shale, light-colored 
5. Shale, bituminous .. 
4. Coal ............ . 
3. Fireclay ... 
2. Shale, brownish gray, gritty ...... . 
I. Shale. light, brownish, sandy in places 
(exposed) . 
MISSISSIPPI RIVER SEC'.rIONS. 
As has- been stated, the !Iississippi river has on its 
west bank a higl1 escarpment, which extends ~ntirely 
through Des :Moines county from the north to the south' 
boundary line. The upper part of the bluff usually forms 
an almost perpendicular clift', ·while the lower portion is 
commonly covered by a steep talus reaching from Ol1e-
half to three-fourths the distance to the crest. N ortll of 
DIP AT nunLING'l'OX. 
the city of I111rlington the 8tl'8t. lie 
nearly horizontal, btlt 80uth of that 
1,Iace they dip to the southwar(I 
bringing the top of the Kinderhook, 
which is more than sevcnty fect 
above the river level, down to the 
water's edge (figure 31). Iu this sec-
tion, nUlllbel' 1 is the IGndcl'hook; 
numbers 2 and 3, the Lower Bur-
lington limestone with the overlying 
cherts; .number 4, tl", Upper Bur-
Iiugton limestone; 5, the lIloutrose 
cherts; 6, the Keokuk ~imestone; 
7, the Saint Louis limestone; 8, the 
Drift, and 9, the Loess. Among the 
best outcrops along the escarpment 
in the extreme northern }llll't of the 
county is one a short distance south ~ 
of the Louisa county line, neal' the I 
angle whicb tbe bluff makes in ~ 
changing from its southeastward to =s-
its southerly trcnd (Tp. 72 N., R. i 
II "\V., sec. 22, SE. qr., N"\V. 01), amI 
about two and n half miles north of" 
Huron postome.: 
V. Section :Nort1, oj Huron. 
5. Limestone, white, som~what irregularly 
bedded, containing bands of cherL... 16 
4. Limestone, yellow, shaly, arenaceous.. 15 
3. Limestone, heavil}' bedded .......... . 
2. Sandstone, friable, argillaceous ....... . 
I. Sbale, blue, reported from well near by 4 
4-25 
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The Bandstone and shale (numbers 1 and 2) are with-
out doubt the upper part of the Kinderhook, while the 
rest is the lower Burlington, with possibly the lowest part 
of the upper division. 
A short distance southwest of Huron, ncar the mouth 
of Dolbee creek (Tp. 72 N., R. II W., see. 23, SW. qr., 
SE. i), is shown; . 
VL Dolbee Creek Section. 
FEET. 
5. Drift 4 
4. Limestone, largely ellcrillital, white, irregularly 
bedded ........................ f. 16 
3. Limestone, rather evenly bedded, with a few chert 
bands.............. 14 
2. Limestone, yellowish, earthy and sandy.. .. ..... 8 
I. Limestone, heavily bedded (exposed) 
Farther south, about five miles from Kingston (Tp. 71 
N., R. II W., sec. 35, NW. qr.), on Oak creek, a high 
salient appears as the stream opens into the valley of the 
Mississippi river. 
YIL Section on Oak Creek. 
5. Loess.. . ......... , ..... . 
4. Drift ........ , ...... , ................ . 
3, Limestone, buff and white, heavily bedded below, 
passing into silicious shales above (Lower 
Burlington) ....... ,. ...... .... . ... ... 35 
2. Shale, buff, sandy, formiJlg incoherent sandstone in 
places 
I. Shale, bluish (exposed} ......... .. 
The last two numbers belong to the Kinderhook. The 
exposure is somewhat obscured by debris and the oolitic 
bed, which is so well defined at Burlington, is not Seen. A 
short distance to the north, however, this layer is well 
exhibited with all its charactm'istic fossils. At the last 
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named place the Lower Burlington is only eight 01' ten 
feet thick at the edge of the escarpment. 
In the north part of the· city of Burlington, on what is 
known as N orlh Hill (Tp.70 N., R. II W., sec 29), similar 
outcrops are exhibited in the bluff. 
From this point to Prospect Hill, two miles directly 
sonth, the exposures are well shown and present, practi-
cally "the same features throughout. (See section I). 
From North Hill nearly to the mouth of the Skunk 
river there is on almost continuous exposure, owing to the 
fact that the :Uississippi sweeps westward cutting its right 
bank and enabling every little rill to make a clean vertical 
section of one hundred reet or more. The Kinderhook 
.gradually gets lower and lower uutil at the Skunk river it 
passes beneath the water level. On Spring creek, west of 
Patterson station (Tp. 69 N., R. III W., sec. 25, SE. qr., 
NE. i), the upper portion of the Kinderhook is exposed 
in the bed of the creek. 
VIIL Section on EJpring Oreek, west of Patte"son Station. 
nET. 
5. Limestone. heavily bedded. encrinital (Lower Bur-
lington) exposed ............... .............. . 
4. Sandstone. yellow, fine-grained ................... . 
3. Oolite, gray. massive, highly fossiliferous .......... . 
2. Shale. blue, argillaceous...................... ..... J 
t. Shale. sandy {exposed to creek level ).............. I 
S]{UNK RIVER'SEOTIONS. 
The cross-section which rollows the course of Skunk 
river- is a]most at right angles to the Mississippi river scc-
tion. The direction is nearly transverse to the trend of 
the slight deformations which exist (figure 32). 
The Patterson section (YIlI) has alrendybeen describcd. 
In passing westwa"d the bluffs arc comparatively gentle 
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for a distance of three miles and the 
exposnres nre rather limited. A 
eonple of miles enst of the town of 
Augnsta the ontero.(>s show' both 
divisions of the Burlington lime-
stone. In this scction the numbers 
represent the f~llowing formatiolls: 
1 iR the Kinderhook; 2 and 3 tile 
Lower Burlington ami o\'erlying 
cherts; 4 the Upper Bllrlingtonlime-
stone; 5 the ]Hontrose cherts; 6 the 
Keokuk; 7 theW arsn \\' shales; 8 the 
S.int Louis limestone; !I the Saint 
Louis mnrls; 10. and 11 the Co.l ! 
w. M~aBllres. f To the west the strata dip gradu-
.1Iy bringing the Upper Burlington 
down nearly to the water's level at 
Angusta. The outcrop shoWing the 
:Montrose cherts is repesented in 
section II. 'tV est of Augusta the 
steep blnffs on the north side of 
the l'ivCl' continue to exhibit good 
sections at short intervals to thewest 
county line.· Section III may be 
regarded as characteristic of the 
exposures found in the extreme 
southwestern corner of the connty. 
FLINT RIVER SEOTIONS. 
The Flint river furnishes a series 
of sections which extend in a line 
abont midway between those of the 
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Mississippi aml Skunk rivers. 1"01' a distallce of seyernl 
miles from its mouth Flint I'h'cr flows through It narrow 
canyon-like gorge. From the _Mississippi escarpment, at the 
point where the N ol'th Hill section is shown (section YIII), 
the waH of rock is almost unbroken, in many plnces over-
hanging. At the plncc known ns the Starr Cuve (Tp. 70 N., 
R. II ,V., sec. 19, N'V. qr., N'V. ±) the forlllations are 
shown in detail on account of the perpendicular exposures 
frolll the water's edge to the top of the blull·s. (Plate 
xxxiv.) 
About a mile farther up the stream (Tp. 70 N., R. III 
W., sec. 24, S,V. qr., N"T. D thc Uppcr Burlington is 
shown. with the following section: 
X. Section above lIIouth of Knotty Cteek. 
3. Drift....... . ............................... . 
2. Limestone, white, encrinital (Upper Burlington ).... 10 
J. Limestone, buff, cherty and sandy (exposed) ..... 12 
Four miles bcyond (Tp. 70 N., R. III ,V., scc. 9, .N E. 
qr., NW. -!) an old quarry, north of Big Hollow, gives 
good exposures of Burlington"limestonc : 
XI. Section neal" Big Hollow. 
4. Loess •.......•........................•.... 
3· Drift......... . .... 4 
2. Limestone, cherty •.... 
t. Limestone, white, well bedded and containing char-
acteristicfossils. . ..... 8 
In the southwestern part of Franklin township along 
Little Flint creek are several good though rather limited 
sections which appear to belong to the Keokuk limestone. 
One of these, five miles directly north of ~Iiddletown 
(Tp.71 N., R. III W., sec. 31, N'Y. qr., SW. i), shows six to 
eight feet of hlue shalc overlain by several fcet of massive 
:10 G. Hcp. 
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bluish Jimestonc. On Cedar·creek,.n hranch of th.e l!"'lint, 
there arc severa] good quarry faces exhibited about a mile 
east of Pleasant Grove (Tp. 71 N., R. IV 1V., sec. 12, 
SE. qr., NW. t): 
XIL Pleasaut G1"01'e Section. 
Loess ... 
9. Drift .. 
S. Limestone, yellowish, hea\·ily bedded ..... 
7. Limestone, thinly bedded, brittle ... 
6. Limestone, heavily bedded, white 
5. Shale, yellow, sand)' ...•.. 
4. Limestone, gray. unevenly bedded. .. . ... .. 4 
J. CherL ...................................•........ J 
'1. Shale, yellowish, sandy .. 
I. Limestone, thinly bedded (exposed J •• 
GEOLOGICAL FORMATIONS. 
The stratified rocks wMell everywhere underlie the 
drift mantle in Des :l\Ioines county belong entirely to the 
Carboniferous age. Although both of the two great sub-
divisions of this age are present, they are very unequally 
represented·. The lower division, or i\fississippian series, 
which over nearly all of the county has no indurated rocks 
resting on it, is made up, at least abm"e the water level of 
the streams, almost whony of limestones. 'l'he upper 
division, or Coal J\Icasures, covers only a small area, in the 
extreme southwestern corner of the district. The litho-
logical characters of the various formations at the' different 
localities may be readily made out from the descriptive 
notes which accompany the geological sections already 
given. The broad relations which the different beds have 
to one another, anel the unity of the individual members 
which go to make up the general sequence of strata are 
best understood wIlen the different members are treated 
separa tcly. 
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Mississippian Series (Lower Carboniferous), 
rrhe oldest rocks exposed at the surface in Des Moines 
county belong to the Lower Carbonifel'ous 01', <IS it has 
been more appropriately termed of late yeal's, the ~Iissis­
sippian series. .A.s already intimated, the most jlrominent 
members of the formation arc heuvy limestones. Aside 
from the great economic yalne of the rocks, tl~c scriea as 
exhibited in Des "Moines county is of special interest., 
lIistorically, to the geologist. The stmta along the l\Iis-
sissippi riYel' in the yicinity of Burlington haye become 
c1assic in American geological literature. ,Yhercyer these 
rocks are known the Burlington limestone i.B a familiar 
term. It was at the city of Burlington that they were 
first studied carefully and described in detail. 'l'his 
place, consequently, becomes the typical locality; and 
with the section at this point all beds of this age in other 
regions must be compared. 
There afe four majof divisions of this series, of which 
three ouly are present in southeastern Iowa, the upper-
most, or Kaskaskia, being abs~nt. This missing member is 
not found in the :Mississippi basin north of the :MisSQlll'i 
riYer. OYer this northern area its position is marked by 
an erosion interval which has left vel'Y striking evidences 
of its duration and extent. The three subdivisions present 
nrc the Kinderhook, Augusta, and Saint Louis. The first 
or lower is a thick shale; Lhe other two are limestones, 
separated by shale. 
InNDEHIIOOK SHALJoJS. 
The shales of the Kinderhook attain a maximum thick-
ness in Des :MoillCS county of about 150 feet, of which 
perhaps one-half or seventy to eighty feet arc exposecl 
aboyc the level of the water in the lfississippi l'l\ter. In 
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this region these beds assume greater importance than 
anywhere else within the limits of Iowa. 
On account of the peculiarities of erosion and the 
presence of a thick, massive 1imestone formation above it 
and very much harder than the basal shales, the Kinderhook 
beds do not present very extensive outcrops in the south-
eastern part of the state. Being tbe lowest of the geolog-
ical formations appearing above the water level and as 
slight changes in the dip occur, the shales have no expos-
ures in the uplands. Their natural outcrops are thus con-
fined to a narrow belt at the bottom of .the Mississippi 
. escarpment, extending in a few places a short distance up 
Some of the larger creeks which cnt deeply tbrougb the 
bluff. Tbis n~rrow belt is practically contiuuous along 
"the entire eastern border of the county, the vertical height 
·being from a few to abont seventy-five feet. 
As just stated. the greatest thickness of tbe Kinder-
"hook in- Des lIoines county above the water level in the 
Mississippi river is in tbe neighborhood of seventy-five 
feet. .Borings, however, indicate that at least fifty, and 
possibly as much 08 ODe hundred feet "of similar strata are 
present beneath this level. This would make the probable 
thickness of the Kinderhook beds at Burlington about one 
hundred and fifty feet. This is considerably greater tban 
any observed thickness of tbese beds farther north. It is 
over· twenty-five feet greater than the vertical measure-
ments of the beds at Louisiana, Missouri, including- the 
Louisiana limestone which has usually been put in the 
Kinderhook, but about the exact age of which there is 
now some doubt; and double the thickness of the Han-
nibal shales which are exposed so well in their full devel-
·opment at both Louisiana and Hannibal and which are 
thought to be practically the exact equivalent of the blne 
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shales ns disclosed in the base of the Bul'lington section. 
No comparisons of thickness witb tile Kindel'llOok sec-
tions lying to tbe nortb of tIle district nnder consideration 
can be instituted for tbe reaSon tbnt tbc rocks of tllis age 
in otber pnrts of the stnte are largely limestones so far os 
bas been observed ond tbeir exact equivalency witb the 
sbales at Burlington has not tberefore been 8S yet deter-
mined. 
The formation consists largely of compact, mther maS-
sive clayey shale at the base, with saudy sbole at the tOll. 
The best exposure, one sbowing great \'ariation in Iitho-
logieal details, is tbe Prospect Hill section, at Burlington 
(section I). It consists of: 
FEET. 
6. Limestone, buff, soft, sandy )ocaUy................. 5 
S. Limestone. white. oolitic............... . ..... ..... 3 
4- Sandstone, yellowish, soft, fine-grained, highly 
charged with casts offossils...... ............. 6 
3. Limestone, argillaceous. fine-grained, with often an 
oolitic band or thin bed of impnre limerock at 
base. ...... _._ ............................... ]8 
2. Sandstone, yeUowish. soft, friable, dayey ..... ... , .. 25 
I. Shale, blue, argillaceous. showJI by borings to extend 
100 feet or more below river level (exposed'... 60 
Tbe uppermost membel' (number 6) is somewbat earthy 
and apparently contains much magnesia. It doubtless rel,re-
sents a zone of rapid transition between two beds baving 
very diverse lithological features. Its positiou and text-
ural characters are very similar to the Cbouteau limestone 
of Missouri, wbicb attains a maximum thickness ofupwnrds 
of one bllndred feet. It rapidly becomes thinner nortbward. 
Tbe most nortberly exposures of it in that state are at 
Louisiana and Haunihal, Missouri, where it is from ten to 
fifteen feet tbick. In view of tbese facts it is not unlikely 
tbat tbis layei· (nnmber 6) mlly be eventually regarded DS 
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tile extrem~ northern attenuated extension of the Chouteau 
limestone of the region farther south. This stratum 
differs very materially from that immediately overlying it, 
being practically-devoid of crinoid remains which go to 
make up so lm'ge a part of the Bnrlington limestone. 
Ordinarily this layer is too soft to be of use 8S a quarry 
rock, but in many of the quarries in which the layers 
immediately over it are worked it greatly facilitates the 
removal of tlte harder stone. 
-_ The oolitic hed (number 5) has a somewhat variable 
thickness, the limits heing between one and four feet, the 
average about three feet. In most places this rock is quite 
massive and compact, forming apparently an excellent 
dimension stone when first quarried, but its use must be 
gnarded and the selection made with the greatest care. 
The bed is well exposed at many places in the neighbor-
hood of Burlington. It is shown in the Starr Cave clift' 
and along the Mississippi escarpment above and below 
the mouth of Flint creek; and on Spring creek. west of 
Patterson station. The fossils which especially charac-
terize the .oolite are ..Aviculopeclen ci1'culus, Shumard r 
Stl'apa>'ollus obtusus, HaIi, and MUl'chisonia pl'Olirea, White 
& Whitfield. On the whole the fossils of the oolitic bed 
are predominanUy gasteropods and lameIlibranchs. 
The fine-grained yellow .andstone (number 4) is re-
markable chiefly on account of the prolific fauna it con-
tains. Both in species and individuals the numbers are 
very great. It was from this bed that nearly.1l of the 
Kinderhook fossils which were descrihed from Burlington 
by Winchell, White, and Whitfield were obtained. The 
great abundance of small lameIIibranchs, gasteropods and 
peculiar brachiopods is particularly noteworthy. Econom-
ically the sandstone is of small value. It is too friable for 
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a quarry stone, but in breaking down forms 11 good huild-
ing sand. Certain parts of it would also doubtless scn'c 
admirably as a moulding sand. 
The fine-grained, fragmentary, calcareous member 
(number 3) is usually quite impure, and in most pl.aces 
would more properly perhaps bc called a massive calcar-
eons shale. Frequently some fine .sand is present and 
often a rather large percentage of argillaceous material 
.L"\..t the base there is often exposed a thin layer of compact 
gray, or oolitic limestone or sometimes both. trhis band 
is characterized by an abundance of fossils of which n 
sIllall Chonetes is the commonest. The thickness of this 
band varies from four to ten inches. 
FJ.'he soft sandstone (number 2) usuany contains a con-
siderable amount of clayey material and passes downward 
into un argillaceous shale. FJ.1he npper part is considerably 
coarser than the lower portion. It forms a soft, friahle 
layer which disintegrates rapidly upon exposure; and is 
one of the principal beds which al10ws the harder over-
lying strata to jut out over the lower portions along the 
escarpment of the ::Mississippi l'h"er. 
The most important member, both geologically and 
economically, of the Kinderhook ill Iowa is the basal shale, 
as shown in Des Moines county. It is a thick, compact 
massive bcd, largely free from grit 01' layers of coarser 
material. It is well adapted fm' making brick and is so 
utilized extensively. Attention is called to its usc ill this 
industry elsewhere. It is capablc of furnishing incx-
haustible supplies of material for the manufacture of clay 
goods. 
rrhe remarks just made in reg3l'd to the Prospect Hill 
section apply equally as well to most of the Kinderhook 
wherever exposed in the district. FJ.'owal'ds the north, 
436 GEOLOGY OF DES llOINES COUNTY. 
however, there is a tendency for the sand to become more 
and more abundant and to occupy an ever increasing pro-
portion of the formation. At the same time the arena-
ceous beds become harder and firmer, and finally assume 
the characters of a fairly good quarry rock. 
Correlation of tile K;nd.rTtOok.- The beds of this age 
in Des Moines county cnnDot be exactly paralleled with 
the strata found allywhcl'e else which pass under the same 
name. . Farther south, in Missouri, the Kinderhook is 
readily separated into three well-marked divisions called 
the Louisiana limestone, the Hannibal shales and the 
Choutean limestone, the latter heing at the top. The rela-
tions of the Missouri to the Iowa sections cannot be made 
out by directly tracing the various beds from place to 
place since a shallow syncline carries the Kinderhook down 
below the river level between Hannibal and the mouth of 
the Skunk river. 
The section of the Kinderhook at Louisiana shows: 
FEET. 
4. Limestone. buff, fine-grained. somewhat earthy and 
magnesian.............. ..................... 18 
3. Shale, brown, sandy .............................. . 
2. Shale, clayey, bluish or greenish................... 60 
I. Limestone, buff, compact, thinly bedded..... ...... SO 
This, with the Haunibal section, which is practically 
the same, is the nearest outcrop on the south with which 
the Burlington exposure may be compared. The green 
shales at the Missouri locality are manifestly the equiva-
lents of the basal hlue shale at Burlington, in great part 
at least. The huff, sandy shale above tbe clay shale at 
Louisiana perhaps has its representative at Burlington in 
an the Kinderhook section between the hasal blue shale 
and the oolitic and buff limestone at the top. Although 
CORUELATION OF ]HNDERIIOOK. 437 
somewhat thicker and presenting a greater variety of 
lithological characters than at Louisiana the more northern 
locality could not be expected to exhibit exactly the snme 
fentures. That sediments of thi. description shonld have 
n greater development toward the old shore than farther 
seaward would be expected. Furthermore, the Chouteau 
limestone which forms a superior member of the Kinder-
hqok in Missouri. and which south of the Missouri river 
attains a maximum thickness of one hundred f~et, thins out 
rapidly to the north. At Louisiana not more than ten to 
fifteen feet of the buff, earthy limestone immediately 
beneath the Burlington beds can be referred to it. On the 
north side of the Keokuk syncline it appears to be entirely 
unrepresented unless the few feet of buff, impure limerock 
and perhaps also the oolitic bed can be placed with it. 
The lower member of the Kinderhoo.k, the Louisiana 
limestone, which is 80 well developed ill northeastern 
ltfissouri does not appeal' above the water level in Des 
Moines county, if represented nt all. It is believed to 
have thinned out completely before renching so fnr north-
ward. In sinking a deep ,veil at Keokuk there was 
encountered at the base of tbe Kinderhook shales only 
ten feet of compnct, fragmentary limerock which could in 
any way be referred to the Louisiana limestone. This 
being the case, then, it would have been reduced four-
fifths of its thickness in a distance of sixty miles. 
As regards the correlation of the Kinderhook rocks of 
sontheastern Iowa with those of other parts of the state 
little "CaD be said at the present time. In the central and 
north-central parts of the region the strata which have been 
referred to the Kinderhook are heavily bedded limestones. 
The yellow sandstones of M';scatille connty, fifty tniles 
north of BUl'lington, which have been usually paralleled 
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with the strata having similar lithological characters in 
Des ~Ioilles county have been found to have no rela w 
tionship whatever, but to contain n typical Devonian 
fauua. 'rhe fossils of the l\Iuscatine region formed the 
chief grounds, probably, for regardi~)g the Burlington 
sandstones also as Devonian as was argued by IInll and 
subsequent writers. 
U8~ful Deposits.-The materials of economic impqrw 
tance which occur in the county will be described in detail 
in another place. It is pertinent here to allude in a gen-
eral way to the useful deposits which are to be especially 
looked for in tlle Kinderhook beds. First in importance 
are the basal shales. Special emphasis is to be put upon . 
the value of these beds in Des l'Ioines county as a brick 
material, and particularly in the manufacture of pavers. 
The extensive plant now in active operation at the" Cas-
cade," two miles below Burlington, has for several years 
been turning out a superior grade of vitrified brick for 
paving purposes. This is at a single point only. For a 
distance of more than twenty miles along the Mississippi 
escarpment the situation is just as favorable for the erec-
tion of plants for similar purposes; and for at least half 
of the distance shipping facilities by both rail and water 
are exceptionally good. 
'rhe oolite bed may be used for building purposes, but 
great care must be taken in the selection of the stone. 
Lime of good quality has been burned from this layer. 
Building sand may be obtained from the upper arenaceous 
member of the Kinderhook where this bed has been 
exposed to atmospheric influences for a long period. Cer-
tain of the clayey shales in connection witI) particular 
parts of the highly calcareous sbales appear to furnish 
suitable constituents for the manufacture of hydraulic 
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cemeJlt~ The chief drawback, however, will be the secur-
ing of the propel' fuel, cheap enough to warraut the profit-
able burning of the materials. 
. AUGUSTA LIMESTONES. 
The tcrm Augusta lms been recently applied to all tile 
formations which have heretofore been embraced under 
the Burlington and J{eokuk ·gI'OUps. It is taken from the 
village of Augusto, about seven miles southwest of the 
city of Burlingtou in the southern part of. nes Moines 
county, where both of the limestones and the separating 
cherts are exposed in the bluffs of the Skunk river. The 
Augusta includes: 
6. 'Varsaw shales (in part). 
5. Geode shales. 
4. . E:eokuk limestone. 
S. Montrose cherts. 
2. Upper Burlington limestone. 
1. Lower Burlington limestone. 
The typical outcrop of the Augusta is shown in section 
II already given. The reasons for uniting these forma-
tions arc numerous. Lithologically the rocks are very 
similar and are especially characterised by being made up 
in large part of the skeletal hard parts of crinoids or 
stemmed feather-stars. They have thus long been called 
crinoidal or encrinitaI limestones. The fossils contained 
are very similar throughout the vertical extent of the rocks 
and sholV a gradual though notable evolution or develop-
ment from the bottom to the top. The changes which the 
organisms of the time underwent as they progressed from 
the beginning to ti,e end of the period of deposition are 
best shown in the most characteristic and most abundant 
form of life - the crinoids. The same phenomena are 
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shown espeeiully lVell iu othCl' zoological groups, but not 
quite so conspicuously. 'fhese fossils form. perhaps the 
best example known of the evolution of life dm:ing past 
geological ages. In many cases all the different lines of 
sepa1'8tion may be readily made out and easily followed, 
witb a wealth of material to draw from. Nowhere else in 
the :lfIississippi basin is a limited group of ~trata so 
strongly linked together by biological ties. 
In southeastern Iowa tbe geological limits of tbe for-
mation are unusually well defined. A tbick sb.le and 
an accumulation of shore deposits abruptly terminates it 
bel~w, wbile ahove there is not only a ·very decided cbange 
in litbologic.l cbaracters but also wbat appears to be a 
very marked pbysical break in the continnity of deposi-~ 
tion. 
Lower Btlrlington Limestone.-The .Iower portion of 
tbe limestone series as exposed at Bnrlington IVas tbe first 
part of the Augusta rocks to receive careful attention. It 
occupies about fifty feet of vertical beight if tbe twenty 
feet of silicious and calcareous shales at the top are also 
taken into consideration. The limestone proper is a 
coarse-grained, encrinital rock, pure white to brown or 
red in color. It is ratber beavily bedded, especially at the 
base. Tbe so-called crystalline appearance is dne to the 
fractm'ed and separated plates and stem-joints of crinoids 
whicb are scattered or disseminated tbrough the beds like 
pebbles, often so abundantly that it gives at first glance 
the appearance of gravel. Dnring disintegration, tbe 
plates accumulated in beds, tbe fine material being carried 
off by mnning water. 
Tbe partings are usually quite tbin. Almost tbe entire 
section is sufficiently compact and massive to be used as 
quarry rock. Normally the stone is gray, but portions of 
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it ore intcnsely white. 1.'hc characteristic brownish color 
01' reddish huc is importcd to it by percolating waters 
which enteI' the crevices Rnd circulate along the bedding 
planes, By carrying away mnch of the lime in solution 
the water forms caverns and cavities which Rrc 'Often of 
considernble extent, In Iowa the cavel'nous character of 
the Burlington is not so pronounced as farther south, in 
MissoUl'i Rnd especially in the southwestern part of that 
state, The Lower Burlington beds l,rcsent some pecul-
iarities in texture which are not met with in such a marked 
degree in other ports of the Mississippian series. 
The conspicuous encrinitnl character so commonly 
ascribed to the Augusta limestone is for more pronounced 
. in the Lower Burlington than elsewhere. Crinoidal life 
at the time of deposition must have been prolific beyond 
all conception. The organisms made up almost wholly of 
hard, thick plates composed of c8I'bonote of lime, furnished 
an abundance of material for the accumulation of exten-
sive beds. An idea of the immense quantity of crinoidsl 
hard parts making up some layers may be obtained when 
it is remembered that the average crinoid is composed of 
from thirty to fifty thousand plates of nil sizes, and that tbe 
remams of ha]f a dozen individuals would occupy the space 
of about a pin.t. These plates or ossicles were fastened 
together by ligaments, which readily decayed when the 
anima1 died, allowing the structure to fal1 to pieces in a 
confused mass of loose pieces, Only nudel' the most 
favorable cirCumstances were the hard parts preserved 
entire, with the plates in place. Tbe disjointed skelet.1 
remains of the stemmed echinodel'ms or feather stars fOl'm 
great beds of what hos been often called a crilloidal breccia. 
Tbis agglomeration varies greatly in the degree of consoli-
dation; sometimes it is very hard and compact, sometimes 
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very opcn in texture and full of interstices with scarcely 
any" fiDei' cementing material. Droken and shattered 
calyces, parts of arms and sections of stalks nrc mingled 
with the mass of separated I'lates. Els~\Vhere thick, com-
pact beds alternate with thin friable In.ycl's. OccnsionaUy 
in the thin, sandy partings thel'~ nre prescl',red the remains 
of the forms, each plute in its originol position, and as pCI'':' 
feet as when the altimals were entombed. 
The species which CIUll'lIctel'ize the I..,ow6r Burlington 
are widely distributed geogmphiclllly. From Iowa to 
New Mexico they are so neal' alike that it is impossible to 
tell from just"what part of the country a particular indi-
vidual comes, so " uniform were the conditions of existence. 
The fossils, particularly the crinoids, 81'C distinguished in 
a genersl way from those from other parts of the Augusta 
by a notable delicacy and lightness of construction and 
fine, grllceful ornamentation. With a few exceptions the 
crinoids may be told at once by these features. 
The upper part of the Lower Burlington is made up of 
brown and white silicious shales, with much chert in nod-
ules and irregular bands, and some limestone. Ecomom-
icany the shales .re of sman value. 
Upper Bm'lingto" Limestone.-The upper division of 
tbe Burlington is distinguished from the lower section 
chiefly by heing thinner bedded, containing more chert, 
and having cl.y shale layers intercalated. The grain is 
noticeably coarser and the texture more open. The color 
is an intense white, which is rendelocd "all the more con-
spicuous oy the alternating" bands of brown silicious 
material. 
The most typical section of the Upper Burlington is 
shown ill the Miller quarry, south of Burlington, above 
the "Cnscade." 
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Section at lite .1Ville,· QU(lJ'I'Y. 
8. Loess. 
7. Drift .... 
6. Limestone and chert ..... . 
5. Limestone, brown and white, banded with chert. 
thinly bedded ........... . 
4. Limestone, gray and white, heavily bedded ... 
3. Shale, blue argillaceous, fossiliferous .. 
2. Limestone, heavily bedded. white 
I. Shale. blue (exposed) •....••....•................ 4 
The two shale beds form a marked feature in the sec-
tion. They have not been recognized elsewhere in such 
thickness. rrhey are fossiliferons, carrying an extensive 
fauna very different from that of the limestone. 
The Upper Burlington limestone forlUs the snrftlcc 
rock oyer fnlly one-fourth of the entire county, occupying 
a brand belt immediately west of the l\Iississippi cscarp-
_ ment. On acconnt of its position ne11l'lyall of the qUill'-
rying done in the district is ill the uppcr division of the 
Burlington. Throughout the region of its occurrence 
the water courses cut into it _ exposing good ledges and 
making the rock ycry easy of access, .AJthough the Lower 
Burlington affords beds morc massive and much thicker, 
the layers of the upper diviRion are usually of sufficient 
thickness for all ordinary constructional purposcs, nlorc-
over, the lower section being so much lower and only 
exposed in the bluff sides, it is not 80 accessible; and only 
at a few points can it be worked to advantage, 
The upper member of the Burlingtoll has been regarded 
as a distinct subdivision chicfly on account of the fossils 
it contains. Being preeminently a crinoidal limestone the 
crinoids form the most prominent group of organisms 
whose remuins are preserved. On the whole they repre-
sont It stage of development intermedinte between those of 
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the Lower Burlington and the Keokuk. The species have 
neither the delicacy, frailness and small size of the earlier 
forms, nor the massive construction, coarseness and exag-
emted features of the later organisms of the same group. 
The most characteristic species are: BaioCJ'inus rot1lndus 
(Shumard), Batocrinlls chl"istyi (Shumard), El'etmocrinlls 
verneuilian1ls (Shumard), Dorycrinus cornigerous (Hall), 
11ctinocrinus verrucosus (Hall), Bt1'Oioc)'inus regalis (Hall), 
Granaiocrinlls norwoodi (Shumard), and Scltizoblastus sayi 
(Shumard). ~Wherever the Upper Burlington is exposed 
these species are almost always present; and it is mrely 
that some of them cannot be recognized after a little 
search. They are the most widely distributed geograph-
ically of any species occurring in all of the Augusta rocks. 
On account of the wide dispersion and great abundance of 
the fossils named, the Upper Burlington is readily recog-
nized even when it is not possible to make out clearly the 
associated beds. The horizon thus becomes an important 
.one for purposes of correlation in sections widely sepa-
rated, and for determining rocks which occur f>ither above 
or below. 
Towards the top, the upper Burlington becomes more 
and more cherty and finally passes into beds in which 
flinty nodules and bands predominate, and which have 
been called the Montrose cherts. 
The chief yalue of the formation is as a quarry rock. 
As already remarked most of the quarries at present in 
operation in Des Moine~ eounty are opened in the Upper 
division of the Burlington limestune. The easy access to 
the stone and the excellent facilities for transportation 
both by rail and wuter should cause a very much larger 
development of the qual'l'Y indnstry in this region. A 
superior g ... de of lime is afforded by the bUl'lling of the 
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white layers, but nt. the present time little is being done 
in this line. Farther south, in nIiASQtll'i, the cherts of this 
formation nrc used hll'gely for !'coUl'ing purposes, the nOll-
uies being ground to Hour-like powder IllHl put in certain 
grudcs of soap and polishing preparntions. 
J.lIoutrose Cherts.-frhe Upper Burlington cherts were 
fOl'me1'1y thonght to have a thickness of' from fifty to ono 
hundred fect. Uccelltly well exposed sections show 
clearly that twenty-five 01' thirty feet lllust be rcgnnled 
as u more accnrate measurement. Thongh a compnrn-
th'ely unimportant bed itsclf~ it Im5 como into considcrnule 
prominence 011 uccount of forming the extensi \'e obstruc-
tion to navigation in the :Mississippi river, which hus long 
been known as the Des l'Ioines rapids and which extends 
from Montrose to Keokuk. In I.lec county the chorts 
extend along nearly the entire eastel'll uonier of the dis-
trict. In Des 1.Ioines county they are best exposed along 
the Skunk river, the most instructive outCl'OPS being in 
the neighborhood of Augustn. 'rhe details m'e given in 
section n. "Tith the general rise at' the strata towards 
the north the chert beds are brought more and more to 
the surface where they have suft'cred great erosion. At 
Burlington only the lower part is preserved in isolated 
places. lilew fossils are found in the cherty layers. 
Keokuk Limeslone.-The thil'll great division of the 
Augusta is not so important a number as it is farther 
south'in Lee county; yet it prohably underlies fully one-
fourth of the areal, mileage of the district. ffhe rocks 
occupy a considerable part of the southwesterll portion of 
the COHllty, but are overlain ovcr a hU'gc area by the Saint 
Louis limestone and Coal ~Icnsul'es. 1'he surface distri-
bution would therefore be more accurately n broad strip of 
tClTitory trcnding southeast and 1l0I'thwest.. Portions of 
310. lie/}. 
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Pleasant GI'OYe, Dlluville, Flint Hi\'cl' aud Union town-
ships would thus be covercd by these rocks. The vaHey 
of the Skunk river above Augusta also forms a ~al'row 
tongne bl'ought ont thl'ough erosion. In Lee county 
much largcr areas arc occupied by the Keokuk limestone 
and still further south ward in northeastern ~IissolU'i the 
grcatcr part of seYcl'lll counties is underlain by this rock. 
To the wcst of Des :Uoines county, however, the Keokuk 
is only exposed ill the beds of the water courses. 
In Jithological characters the Keokuk limestone mlly 
be distinguished from the Burlington beds by its general 
blue color, its less crystalline texture, and its greater com-
pactness. The great profusion of crinoidal remains which 
is so marked in the Burlington is largely absent in the 
Keokuk, or iR confined to thin beds of limited extent. 
Conseqnently, when the two members appear in the same 
section the differences lire quite marked. Eelow, the 
Keokuk is rather heavily bedded. Above, it becomes 
more thinly lJeddc(l amI gradually acquires more and more 
argillaceous material in the partings until these form 
well denned shale bands. A considerable amount of chort 
is present in nodules and irregular noclular bands. In 
many places the flinty material is so abundant that it 
practicnBy destroys the stone for quarry purposes. 
The shales overlying the Keokuk limestone are not so 
important in Des Moines county as elsewhere in sontll-
eastern Iowa, They are exposed to advantage in only a 
few places. The ·geodes which are so characteristic of 
the lower part and which have caused that portion of 
the section to be cuBed the "geode bed" are not so 
abundant, and may be absent aJtoget~1Cr. 
The chief use of the Keokuk must be as 11 quarry rock, 
but it will be a long time before the facilities for trans-
FOSSILS O}.' TilE SAINT LOU1S. !-17 
pOl'tntion will be such flS to enable it to compele snccess-
fully with thc other Jill1cl"Ocks of the county. rrhe sumc 
may be said of it .. is a lime-Imrning stone. 
HAIN'r I.OUIS LDIES'l'OXE. 
rrhe chief exposures of this formation urc. in the 
extl'eme southwestern corner of the connty where it under-
lies an al'ea of pCl'h.aps thil'ty sqmll'e miles. It covers lIlost 
of the uplands of .A.ugustn township mHl pl'obahly nearly 
one-half of Danville township. A small area also occurs in 
the western part of Union township. rrhe ontcrops are 
principally on Long and COUaI' croeks and on the Skunk 
river. The beds comprise, (1) white clay or marl at the 
top, (2) gray, flag-like limestone, (3) brown, fircnueeous 
limestone, (4) concretionary and hrecciated limestonc. A 
massive magnesian layer like the member forming the top 
of Hall's ,Varsaw beds in I .. ee county has been reported 
at the base of the beds ubove mentioned. 
'I'lw white marly clay is quite plastic and c:Il'i'ies an· 
abundance of' fossils. It has been observed ut only one 
point, ·which is about one mile directly north of' the town 
of Augusta on a small stream ell1ptying into Long creek. 
This clay is in nil respects identical with a similul' clay or 
shale which is found at the top of the Saint Louis in many 
other parts of the state. The fossils so chnmcteristic of 
this bed as well as the white limestone nrc: RllynclLOllella 
ottumwa, "Thite; Bpil'[fern keokuk, val'., Hall; Pl'OclUCl'ilS 
marginocincius, Prout; Zapllrentis pellwnsis,1Yorthen, and 
Athyris sllbqlladl'ata, Hull. 
'I'he gray, course-grained limestone is regularly bedded, 
and occurs ill thin, Hag-like layers from two to five inches 
in thickness. It is quite compact and without f'o:;;sils. 
'l'he best outcrups arc 011 Cedal' creek, and on Long creek 
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north of .Augusta. A qual'l'Y opened three miles north-
west of thnt town in the bnnk of Long creek (Tl'. 69 N., 
R. IV. W., sec. 10, NE. qr., NE. !) discloses a lace of 
eight fcet of this stone. 
The brown sandy limestone is father unimportant nmI 
is exposed in bnt few places. On Cedar creek a layc,· 
apparently belonging to this member crops out nenr the 
base of the bluffs. 
The brecciated limestone is in all respects similar to 
the sarne rock as it OCCllrs elsewhere in southeastern Iown, 
It is composed of a very fine-grained, co~pact limestone, 
light blue Ql' ash gray in color and breaking with a well-
marked conchoidal fracture. The fragments are all more 
or less angular, rarely ronnded or water worn. In size 
tbey vary from the smallest particles to plates and irregu-
lar blocks several feet in length. These fragments are 
closely compacted and the interstices filled with a hard, 
greenish clayey material somewhat calcareons and weath-
ering much more readily than the limestone. 
As a quarry rock and as a material for quicklime the 
Saint Louis offers good snpplies. Some of the layers are 
capable of furnishing a Buperior grade of stone for dimen-
sion work. The clays associated with the· Saint Louis 
limestones are for the most part too calcareous for brick 
or pottery. 
Upper Carboniferous or Coal Measures. 
DES MOINES FORMATION. 
The Lower Coal Measures form a comparatively unim-
portnnt part of the beds which are exposed ill Des Moines 
county. The entire areal mileage of these rocks in the 
district probably does not exceed half a dozen sqnare 
miles. In all, t.here are only a rew isolated areas, confined 
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entirely to the extreme southwesterll corner of the county. 
Des Moines eounty forms a portion of a comparatively 
nat·t·ow belt which bot·ders the Mississippi river from the 
mouth of the Missouri northward and which is nnderlain 
by rock 01,101' than the coal bearing strat" of tho Conti-
nental InteJ'ior. This zone of more anci~~lt rocks sep-
arates the Iowa-~Iissonri coal field from that of Illinois. 
The pt·osent conditions are probably the result of slight 
deformations which originated during the latter part of 
Lower Carboniferous times and of subsequent el'osion. 
The Ooal ~Ieasures have tlms been almost entirely removed. 
The isolated a~eas remaining consequently partake of the 
character of outliers. 
Recently the extent of the Ooal ~Ieosure outliers in Des 
Moines county has been fOlmd to be much greater than 
has been heretofore supposed. Instead of the single small 
deposit a few feet in thickness which hos long bee;' 
known to exist on Omlar creek in Donville township 
several other and much more extensive areas have been 
discovered, the largest being a short distance northwest 
of Augusta. These outliers at;e in the upland plain about 
three mile. from the river, and manifestly form a part of 
a much lorger area wbose limits have been lately deter-
mined on the south side of the Skunk river in Lee connty. 
The Angusta outliers comprise buff or brown more or less 
ferruginous sandstones, usually ratbet· fine-grained, homo-
geneous, and massive, but frequently becoming CORl'Se llnd 
even pebbly. Tlte bed. attain a thickness of from twenty 
to fifty and even one hundred feet. The Itase of the 
sllndstone has nowltere been obserl'ed and its exact rela-
tion to the underlying Saint Louis and Augusta lime-
stones has not been determined. A few miles to the 
southward beds of coal two to four feet in thickness are 
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8ssociutcd with simiJol' deposits; and it is not improbable 
that. worknble senms will yet come to light in connection 
with these sandstones. It is quite likely also thnt the 
arenl extent is much grcnter than hns yet been determined. 
The outlier on Cedar creek in Danville township, 
shows very little snndstone, only a few feet at the base of 
the exposure. 'I'he greater part of the outcrop (section IV) 
is composed of 'clayey shales, the lower part being light 
colored shnle 01' fire clay aud the upper n dark drab 
bituminous sbale. Between the two n tbin senm of coal 
sxists. It has a thickness of a foot 01' more. . 
Although occupying so small an area in Des Moines 
cOlmty the Coal Measures are more or less important 
economically. The sandstones furnish a fair grade of 
building stone. The shales supply, on weathering, a plastic 
clay wbich may be used in the manufacture of earthen-
;are. A good quality of brick, hath paving and building, 
may be also made from the clays. While some coal is 
knolVD to be present it is not to he expected that it occurs 
in sufficient quantities to create an extensive mining 
industry; yet it is not improbable that eventually small 
pockets wiH be found of sufficient importance and size 
to supply local demands. 
Pleistocene. 
GENEUAL OHARAOTER OF BUBFAOE DEPOSITS. 
The surface deposits which covel' the indurated rocks 
so effecthTcly everywhere except in the immediate vicinity 
of the wate.· courses belong largely to the first glacial 
epoch. The accumulations comprise (1) the Lower Till, 
nnd (2) tbe Loess, with some alluvium in the river bottoms. 
The terrace formations are unimportant and find expres-
sion only in a few limited nrens. 
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The drift deposits huye been laid down over an old 
cl'odm1.surface even morc profonndly gashed and t1'cnched 
than that existing nt the present time. Evidences of this 
. great erosion are now lat'gely obscured by the depositions 
which have beeu subsequently made, yet they are being con-
tinul111y brought to light through natural and artificinl exca-
vations. Although ih.e old depressions and channels are 
hll'gely fillml with glacial dcbl'iR the preglacial expression 
of the country is not entirely obliterated, ami the principal 
features of the modern surface relief' :Ire still largely 
dependent upon the ancient elevations and deprcssions. 
In many cases the watcr courses have endeavored to 
regain their old channels, often with more or less succcss. 
As a rcsult streams arc found with thick drift dcposits~ 
sometimes fifty to seventy-five feet, on either side, ~ut 
which nrc llumifestly reclining on" the ancient slopes of 
the indurated rocks. An excellent example is IIawkeye 
creek at Burlington. 1:~ cross-section of' this valley is 
shown in figure 33. 
Figure 33. Section aero ... Hawke}·c enc\;: ull!urlillgtll". 
As shown in t.he section there is an extreme attenua-
tion of the drift deposits over the old elevations ami a 
deep accumulation of debris in the ancient valleys. ffhis 
is indicated similarly in many other parts of the district. 
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At Burlington and in the immediate neighborhood 
numerous excnvations and road cuttings disclose the fent-
ures of the Pleistocene deposits better, IJerhaps, thun 
nnywhere else in the county; and at the same time 
illustrate just what OCClll'S and what is to be expected in 
other pnrtR of the district. The area may therefore be 
taken as typical and as one whose details may be regarded 
as practically identical with those over most of the county. 
'11he topography of the area is represented on the sketch 
map (figUl'e 3!). 
l'igIlTeJ4. SIITfaceTtlicf<lfIJurlingtonllcdvidnity. 
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The city of Burlington is built upon four" Hills," nil of 
which rise to n height of nearly two hundred feet nhovc 
low water in the Mississippi river at Ulnt place. Perhaps 
five-sixths of the altitude is formed of Burlington lime-
stone nud Kinderhook shales, which along the Mississil'pi 
river at P"ospect and North Hills, andnlso in places 
bordering Flint creek, rise fl'om the water's edge in 11igh, 
mUl'al escarpment.s. 
North of Hawkeye creek is a nearly insulated plateau, 
all sides of which are scalloped by stcep sided ""'ines, 
very 'leep toward the lower extremities, but interiorly 
shallowing quickly. The larger ones soon pass into small, 
shallow drainage basins, which impart to the central por-
tion of the plateau n elmracteristie, genUy undulatory 
appearauce. To the northeastward is n small suhsidiary 
plaiu of genUy undulatory topography, evidently iu no 
way dependent, in its configuration, upon the underlying 
stratigraphic ,·oeks. It rises thirty or more feet above the 
broad alluvial flood plain of the :Mississippi river and is 
diyided into two parts by' Flint creek. Southwestward it 
passes l"Iltherabrnptly into the comparatively gentle slopes 
of the general plateau. It manifestly occupies a preglacial 
depression, aud literally rests upon the irregnlarly eroded 
slopes of an ancient water course. A. section of this 
limited auxilliary plain exhibiting all the details of struc-
ture forms au exposure continuous for nearly half a mile 
along Flint creek; aud it is practically similar tbroughout. 
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Terrace Section Neal' J1ioutl, of Flint OJ·eek. 
7. Loam, coarse, brown, friable, with occasional small 
pebbles, graduating imperceptibly ~nto 6. . ..... 3 
6. Clay. yellowish brown, of a characteristic fissured 
nature; containing a few small boulders or 
large pebbles, in places indistinctly laminated.. 15 
s. Sand and gravel, commingled, irregularly stratified, 
pebbles up to six inches ill diameter. mostly 
rounded, erratic, bnt witll numerous local angu-
lar flint and limestone pieces ...•.. 
4. Clay, drab, homogeneous, unctuous. 
3. Sand, coarse, yellow and white, with a few small 
erratic pebbles, everywhere quaquaversally 
stratified.. . ................ . 
2. Sand, very fine, homogeneous (not present along 
the entire section) ... 
I. Sand, coarse, yellow and white, with rounded and 
striated erratic pebbles up to two feet in diame-
ter, and larger local angular fragments of flint 
and fossiliferous (BUrlington) limestone (ex-
posed) .... 
One mile above, on Flint creek, the coarse yellow sands 
form n conspicuous feature. .A short distance farther 
north the lower till, with numerous small rounded, erratic 
boulders up to foul' feet in diameter, is well exposed in all 
its characteristic details. It is overlain by six to eight 
feet of typical loess, containing numerous smallloess-kind-
chen. The deposi~8 here present have an exposed thick-
ness of sixty fcet, and arc seen to rest against the steep 
sides of the rather narrow gorge, preglacially eroded by 
the waters of Flint creek to the depth of more than one 
hundred and thirty feet. North of Flint creek, and 
beyond the area represented ill the annexed map, the topog-
raphy in its general aspect is similar to that ot' the isolated 
plateau south. On the upper brow of the north slope of 
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"N orUI lIill" a ro·ad cutting ,liscloses the following 
arrangement: 
BI,!U· Section on Nod" Ifill. 
3. Clay, brownish, yeUow; free from gra\'el, and ror 
the most part homogeneous; grading into 2.... 5 
2. Loess, typical, ashen, compact, containing numer-
OilS IOells-kindchen and the following fossils: 
Pupa ,u"scorn"" Linn; 'Succillea o6lifJlla, Say; 
Pa/lIla slrialella, Anth. ; Lilllllophysa de.sidio.s4. 
Say; Palllla per.spet:lillil. Say; Helicina ocmlta, 
Say ......................................... . 
J. Till, witb an abundance of gravel, and pebbles up 
to thre~ (eet in diameter (exposed ) ..... ...... . 
Over the entire central portions of the northel"ll plateau 
the distribution of Pleistocene deposits is essentially the 
same, except that the lower member snffers n considerable 
attenuation over the more elevated parts) sometimes being 
reduced to only a few feet in thickuess. U-pOll the removal 
of the drift materials glacial scorings alld strire· on the 
snbjacent Paleozoic strata hav~ been disclosed in various 
places. . 
South of lIawkeye creek rises a broad, elevated plain, 
so level in many places as to be almost devoid of natmal 
drainage. N ortheastwar,l it is scalloped by short, deep 
ravines, but eastward it abruptly terminates with a per-
penclieular declivity, washed at its base by the Mississippi 
river, which has evi,lently separated the plateau from tlie 
highland of lIellderson COUllty, Illinois. To the south and 
west this level, elevated plain gradually becomes gently 
undulatory lind finally more broken by the small tribu-
taries of Spring creek. N orthwestlVard it merges into 
the general elevated plain occllpying the greater portioll 
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of the county. Neal' the summit of "South Hill" in a 
recently opened quarry there is exposed: 
SOlltT! [Jill Section. 
FEET. 
5. Clay. brownish; free from pebbles; becoming silty 
below and graduating insensibly into 4 ........ . 
4. Loess, compact, ashen, containing loess-kindsdum.. 9 
3. Clay, red, tenacious, upper portion containing much 
gra\"el, the pebbles small, .rounded, mainly 
erratic, a few local milt and limestolle frag-
ments disseminated throughout 
2. Large angular fragments of limestone and flint, the 
interstices filled with red day .. 
I. Limestone, Upper BUrlington, (exposed) . 
One-quarter of a mile to the southeast, on the corner 
of South Fourth and Naple streets, a similar arrangement 
is shown, superimposed on the Lower Burlington Hmestone. 
The Quaternary beds of the two places are manifestly 
continuous, but the elevation of the 1atter section is some-
what less than the former, and the se,'era1 beds al'e all 
much thicker, No.5 of the South Hill section having a 
thickness of six feet, No.4 of thirteen feet, and Nos. 4 
and 3 together of six feet. One-fourth of a mile south-
west of this exposure a road cutting exhibits: 
FEET. 
3. Clay, brownish, silty or loess-like below .•..•..•...• 
2. Till, typical, lower. .•.••. .... .• •.•. .. ..•..• .....•. 25 
I, Limestone, Lower Burlinglon, (exposed).......... 5 
LOWEn TILL. 
The general characteristics of the drift have already 
heen indicated. The deposit is composed of hlue or 
yellow clay, which contains considerable sand ~ither dis-
seminated, or in thin lenticular beds, and boulders which 
consist largely of rounded masses of crystalline rocks, 
UOULI>BHH 01<' 'rHB ])UIP1'. 4:;7 
togethcr with limestone and some chert. fragments. The 
boulders nrc rarcly "angular and are innU'iably of slUali 
size. A. few reach a measm'cmcnt of fhe 01' six fcet Imd 
one, a few miles west of Burlington, is fully fifteen feet 
across. Good indications of sb-atiiicatioll are seldom met 
with, except when the saud beds are intel'calated, and eYen 
then the regulal' bedding lines IlI'C not distinct. ",Yhcn 
the loess oycrlies thc drift a narrow band of small peb-
bles frequently indicates the line of demarkation between 
the two. Below, the till gl'llduully mingles with the resid-
uary clays above the limestone; and the zone is murked 
by a bed, two or three feet in thickness, of durk reddish 
clay with which is mixed an ahundance of chert and some 
limestone fragments. In many places this appears to be 
disturbed. 
LUgSS. 
'rhe loess of Des jHoilles county OCCllrs only 0\'01' the 
more elevated areas and always overlies the till. It is 
usually the characteristic fine ashen 01' yellowish. silt, 
quite homogeneous and varying in thickness from a few 
inches to ten 01' fifteen feet or morc. Calcareolls nodules, 
tubules of' iron oxide nlld fossils are more or less abun-
dant .. The latter are largely the shells of snails which 
frequent damp situations. The relations of the loess 
·deposits to the drift is shown in the sections already 
given (North lliII and South lliII sections). 
'1'ERHACES. 
Olving to the westward deflection of the Mississippi 
opposite Oquawka, the river is brought directly against 
the hard· limestone wall which marks its immediate 
valley. Terraces consequently have an unimp0l'tant 
development. The p1'1ncipal e\'i~lences of terrace f'orma-
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tion nre at the mouth of lillint creek above llurlington, 
and north of the mouth of the Skunk river. In the northern 
part of the county low terraccs also exist. 'rhe terraces at 
the month of the li'lint are about thirty feet aboyc the :flood 
plain of the :Mississippi. .A Yel'ticlll section of the differ-
ent beds comprising it is shown in the section at the 
mouth of Flint creck. 
GLACIAl. )IARJ<TNGS. 
Des :Moines county has long been known as one of the 
few localities in Iowa where ice striations have been 
observed. In fact, the fil'st glacial markings which were 
reported in southeastern Iowa were those discovered by 
,Yhite in 1858 near Burlington. There is no exact record 
of White's original location, but it is thought to be two or 
three miles north of the city. No account of these 
striations published at the ti!ne, though afterward, on 
several occasions, mention was ~ade of them. The 
direction was approximately south 15 degrees east. Until 
very i'ecently nothing additional has been recorded con-
cerning the glacial strim of this pm't of the state. 
On the west bank of the :Mississippi l'i'i-er for the 
~reater part of the distance between the mouths of the 
[owa and Des :Moines rivers a high escarpment, capped 
by a Illl1ssive limestone, borders the stream, In many 
places the rocks stand out in bold, cliff-like walls, one 
hundred to two hundred feet high, with a heavy talus at 
the base. Along much of' this exposed scurp the condi-
tions are exceptionally fHvOI'Hble to the recording of ice 
Beorings. 
On North Hill, on the brow of the "Mississippi bluff, 
striated surfaces have been repOI·ted from time to time, 
but rarely have they heen carefully examined. On one 
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occm~ion the bearing of the stl'im wus found Lo be south 
63 degrees east, the magnetic deviation being about 7 
degrees. lII', Frank I.JC\'el'ett has stated more recently 
thnt he also Ita!; measured the direction of somc glacial 
gl"Ooves in the same ,'icinity. lIe repOl·tcd the bearings 
to be south 65 degrees en st. 
Observations made a few years ago show thut the sharp 
salient at the Cascade two miles south of the city Ims been 
mnnifestly ice-planed. At the prescnt time no ice mark-
ings arc visible at this place. A few years ago, however, 
several large limestone slabs, fOllr to five fect long and 
two or three feet wide, were removed in qunrrying from 
the top of the salient aboye the present works' of the 
Granite Bri~k Company. Some of these flat blocks were 
beautifnl1y glaciated and lJOlished, showing deep flutings 
and mouldings. 
Special attention may also be called to the recent dis-
coyeries of' similar phenomena by J\[) .. F. ~I.li'u1tz, of' Bur-
lington. A. number of localities hnve been exulllined hy 
him, at all of which ice-planed snrfaces arc exceptionally 
well preser"yerl. One of these "localities is neal' Kingston, 
another is near ,y cst Burlington, and more recently, 
still others 1u\\'c heen reported. 
GEOLOGICAL STRUCTURE. 
GEN}mAT, AHRANfl-EJ[fiXT. 
On the whole the strata of the district a1·e remarkably 
free from all effects of the gl'Cilt seculnr movements of the 
earth's crlH~t which nrc so pronounced in lIe3rly nIl por-
tions of the globe, and particularly in mountainous regions. 
The defol'll1nti'ons I)J'csent arc 80 slight that OI'dinal'ily 
they pass almost unnoticed. 
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Broadly speaking, the strata are in practically the same 
position as when ol'ig,inally deposited, preserving an almost 
horizontnl position. There is, however, a gentle dip towards 
the west or ruther sonthwest, ill the southern part, and 
northward in the northeastern part of the couuty. The 
latter slope f01'111S the northern side of the Keokuk syn-
cline, which has its maximum depression about at the 
mouth of the Des Moines river, and by which the strata 
are carded downwHrd at least one hundred amI fifty feet. 
For the most pnrt the indurated beds lie one upon 
another in regular sequence. But ill the southwestern 
portions of the county there is u noticeable exception in 
that the Coall\Ieasul'cs rest in marked unconrormity upon 
the underlying rocks, though the irregularities of deposi-
tions are not so weH defined as a few miles farther ,,,est 
and elsewhere in the state. An unconformity even more 
pronounced is that between the drift and subjacent strata. 
GEOLOGICAL CROSS-SECTIONS. 
J1Iississippi Rtver 8eclion.- The strnctural arrange-
ment of the strata along the ]).-Iississippi river may be made 
out with considerable ease since the gorge of the great 
stream, which is in this part of its course so well defined, 
a1fords unusually favorable opportunities forcal'cful inves-
tigation. The escarpment thus formed on the west bank of 
the :Mississippi is very abrupt, and extends practically 
continuously along the entire eastern margin of the county. 
·While at no point is the dip perceptibly great there 
is, in passing both north and south from Burlington, an 
impression constantly growing that the beds are nearer 
and nearer the watel' level. l\Ieasurements carefuUy made 
of the altitudes of easily recognized and persistent hori-
zons show that this is really the case, and that the city of 
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BllI'lington is very close to the crest of a low anticline, 01' 
foill. (FigureSl.) Upst.rcam i'on;ome distance the strata 
appear' to vury but litlIe from hOI'izontality. Southward 
from the city the layers hayc a more noticeahle inclination. 
'1'he top of the liinderhook, whieh at Burlington is some 
eighty fect above the river le\-e], falls to the slIrf'aec of' 
the stream at. the month of the Skunk 'rhis is :t drop of 
eighty feet in a distance of ahout seven miles or a dip of 
about eleven feet to the mile. South of' the mouth of the 
Skunk riVe!' the slope of the beds continues nelll'ly t.o 
t.he southern boundary of the stale where a lung- rise takes 
place. rrhis forms whut is called the J{cokuk syncline, 
from tht, city whi~h is neat' the point of greatest depression. 
Sk:mkRi'ver 8ectioJl.-Thc strata exposed Oil this watel' 
course show only a single direction of dip-the inclination 
being upRtrcam. At the enstern end of' the section the 
lowermost beds are the l{indcl'hook which arc exposed hut, 
a few feet ahoyc water level in the :Mississippi and are not 
seen beyond Spring creek, at which point in the bed of the 
stream only the uppermost laJers are exposed, 'l~he Lower 
Burlington soon passes out of sight and the Upper Burling-
ton limestone is brought down to the hed of Skunk riYer at 
the town of Augusta. From n point a short distance heyond 
to the west county line the berl of the stream is occupied by 
the Keokuk limestone. ~[akillg au allowance of a fall in 
the Skunk river of four feet to the milc, which is ,'ather 
high, the total differcnce in the actual lln'cl between the 
eastern and western cxtt'cmities of the sect.ion, which is 
about eighteen miles in 1cngth, would he about one hundred 
and thirty feet, or an average inclination of eight feet to 
the mile. 'Yhile this amount of' inclination is too slight to 
be distinguished by the eye, 8U increase of fOllr feet, 011 
account of the slope of the rh'er in the opposite direction 
:~G. Rep. 
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makes au apparent dip of about twelve feet which is per-
ceptible iu traveling up stream any considerable distance 
(figure 32). 
UXCOXFOR)lI1'!BS. 
The liues of unconformity which mark breaks in the 
deposition of strata are the same in Des "Moines county 
as elsewhere in southeastern Iowa. They are two in num-
ber. One is at the top of the Lower Carboniferous and 
the other is at the base of the Pleistocene, 01' drift. In 
a11 the great seql1cnce of strata, with these two excep-
tions, deposition has been continuous. 
The unconformity between the Lower Carboniferous 
and the Coal :Measures is not so marked a feature as in 
other parts of the state for the reason that the district lies 
in the extl·eIlle eastern margin of the Western Interior 
conI field. The only portion of the county where the 
unconformable relations lire to be found is in the extreme 
southwestern corner. 'rhe great thickness of the Coal 
:Measures sandstone-something over one hundred feet 
in places-seems to indicate clearly that the depressions 
of erosion which are filled with the sandstone extend not 
only into the Saint Louis limestone, but also into the 
Keokuk :md perhaps even into the Burlington. 
T"he drift mantle which COVCI'S the entire country fins 
the valleys of an ancient surface as profouudly eroded us 
the present surface. Its irregular position upon the hard 
layers is apparent wherever excavations of any extent are 
made. 
BUILDING STONES. 
Des Moines county is perhaps as well supplied with 
good building stone as any similar district in the state. 
With the excellent rl.wwny facilities which it enjoys, 
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transportation in an directions is at IlRnd. Shipment by 
water is also open and considerable qllnntiticB of rock for 
the government improvements nlong the lIississippi are 
continually sent out by boat. 
By far the larger proportion of the available rock for 
const.ructional purposes is limestone. 'l'here is some 
sandstone of fail' quality, but liS yct it has not come into 
general use-owing chiefly to its position at cOllsidel'l\ble 
distances from rendy trnnsportion. The limestone is of' 
scvcmI va~'ieties, the principal and most important being 
the common white, m' ellcl'i~ital stone. This is course-
grained, compact, n10re or less massive and varies in color 
from pure white to gl'fiy, yellowish or brown. It is made 
up entirely of cl'ystullil1c hnt'd purts of' varions organisms, 
chief among which are the crinoid plates. The mass of 
animal remains is firmly cemented by fine calcllreous 
muterial. Fractured surfaces thus show a com'so, crystal-
line strllcture, not unlike many mOl'bJes. Through these 
there are all gradations to ordinary em·thy limestone. 'L'he 
sub-crystalline yarieties withstand weathering admirably 
anel are readily dressed. . 
All the principal geological formations of the county 
yield building stone. 'L'he I~inderhook, howe"er, supplies 
comparatively litt.1e, the only betl which is worked being 
the oolite neal' tbe top of tbe formation. It is compact, 
gl'8y in COI01' anel bas a thickness of about tbme feet. For 
the most pnrt this hed cannot be depended upon to furnish 
good materiDl which will wi~hshmd weathering influences, 
especially in exposed places, lVhen kept from moistul'e 
it will last mucb longer tban otbcrwise. If carefully 
selected in the bed it lIlay form a tolerably durable rock. 
Its massive, homogeneous character and tbe readiness 
with whicll it is dressed bas occasioned a somewbut wi,le 
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lHW of the rock and it affords such excellent dimension 
stulle IImI material for dressed trimmings tllat the tempta-
tion to URe it is great, notwithstanding its liability to 
rupirl destruction through weathering. 
'I'he Lower Burlington limestone, while largely sub-
crYAtulline through its encrinitul character, has a decided 
yellowish or browni!;h hue. Certain of the beds m'o pure 
white 01' gmy, but unlike those of the lJpper Burlington, 
(1'he rock being very heavily bedded, compact and easily 
worked, makes it a ycry desirahle stone fol' dimension 
work, Although there nrc illexhuustnblc supplies of good 
building rock its distribution is not so extensive as the 
Upper Burlington, for the reason that almost everywhere 
thirty to one hundred feet of other strata overlie it, Con-
sequently quarrying in this bed must be restricted to the 
buse of the bluff along the :Mississippi. It has been quite 
extensively quul'ried in' the city of Burlington. 'The prin-
cipal opening, which is probably also the largest quarry in 
the county, is situated a few miles south of Burlington on 
the Chicago, Burlington and Kansas City railroad. 
The Upper Bm'1ington limestone furnishes by far the 
greatest portion of the quarry rock in the co~nty. As 
stated in connection with the discussion of the geological 
formations, the Upper Burlington limestone occupies fully 
one-fomth .of the surface of the county, stretching out in 
a broad belt parallel to the ¥ississippi riYel' and reaching 
1l0l'th and .south entirely across the distl'ic.t. 'Vith few 
exceptions the quarries of the county are opened in this 
formation. In texture the rock is commonly a coarse-
grained, encrinital Jimestone, often huving the crystulline 
appearance of marble on broken sm'faces. It is commonly 
a pure white rock varying to gray and sometimes to buff. 
DBVELOPMENT OF QUAHHY INDUS'l'UY. M)5 
It is quite massive, firm and compact, and affords a gOOll 
material for un kinds of common constrllctions. 
Although the l(eokuk limestone occupies a consider-
able port.ion of the county, few quarries arc opencd in it, 
the only one of much importance being ncar Augusta. 
,'{hile the l'oek may be termod an ollcl'initullimostonc, this 
character is not so apparent as iil the case of the Burlington 
stone. Thm'e is more earthy calcareous matter :md the 
limestone on the whole is more of' an ordinary blue 01' ash-
gray rock with Uw crystalline portions consisting of iso-
lated plates and hard parts of the organisms (lisscminnted 
through it. 
The Saint Louis limestone is a fine-grained, compact 
limerock, breaking with conchoidal fracture and usually 
containing few or no fossils. It is mther thinly bedde(l 
and is rarely nsed, except f01" foundations and retaining 
walls. 
'fhc Coal :Measures supply comparatively little building 
r9ck. That which docs occnr is a medium grained sand-
stone, rather compact, and huff or brown in color. Beds 
huving a thickness of' upwards of one hundred feet arc 
found in the southwestern part of the county. rrllOugh 
too fal' removed from railroad facilities at pl'esent to come 
into general use it is said to be a very dUl'ublc rock. 
'1'110. quarry industry in Des Moinescotlnty has not neal' 
the deyclopment that it should have; and with vcry little 
eft'ort could be made many foIU more important. Although 
eyery township in the county supplies quan'y rock for local. 
usc, the principal qnal'ries are conecutt-ated in and about the 
city of Burlington, ~rost of these are in the upper 
division of the Burlington limestone though a fcw, amI 
among them the largest in the district, have been opened 
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in thc lowcr division at the base of the bluff along the 
~Iississippi l'i,'el'. 
Burlinyton 1.hwJI::Jltip.-In the ",yest part of the city of 
Burlington there is a group of quarries neat' the end of 
Division street. They hfH'C been opened in the valley of 
the small creek rUllning in a nOl'theastel'ly direction. One 
of the principal workings is the Larkin quarry. The face 
is about twenty feet in height, alJ of which i8 iu the Upper 
Burlington. The upper layer shows considerable evidence 
of erosion, in many places large holes and cavities having 
beon worn ont and then filled with drift material. The 
rock taken ant is all used ill the city of Burlington, prin-
cipally for foundations and retaining walls. 'rIIe follow-
ing is a section: 
Section at Larkin Quarry, Gornm' of Amelia. ({}ul Claim 
Streets. 
S. Loess .............................. . 
7. Drift. . ...........•.. 
6. Limestone, buff. evenly bedded ... 
5. Limestone, yellowish, with cqnsiderable chert in the 
form of nodules and bands .. 
-I. Limestone, yellowish, heavily bedded. 
3. Limestone, while, massive, solid bed .. 
2. Limestone, yellowish, containing much silidousmate· 
rial and many shells of brachiopods 
I. Shale, bluish, with flint nodules .. 
A block north is the Quell quarry ou the north side of 
Etna street. The section is practically the same as at the 
Larkin opening, but the bottom of the quarry reaches only 
to the base of the white limestone. This qUUJTy hus been 
worked along the slope of' a small branch for a distance of 
perhaps thirty rods. Near the west edge the character of 
the rock changes rapidly and the whole exposure consists 
of about ten feet of rathel' brittle, white, thinly bedded 
limestone. 
HUULING'l'ON QUAHHlgS. ·167 
A short distance f~u'thcJ' north on the south Hide of 
Division stl'cet is the Swan quarl'y. 'nlC white limestone 
at this point appears to be considcrubly thicker than in 
UIC excavations inuuedintely to thc south. Ou the oppo-
sitc side of the street is the l.IUCl'ZCIllUCYC1· qUUlT,Y which 
is 11180 wOl'ked ill the same ledges as the othcrs jnst mell-
tioned. Thc output of all these q nal'l'ies is local, being-
used entirely in the city of Burlington, 
N cal' the ceuter of the city neal' "r cst Bonndary 
between Diyision and Angular streets, considerable 
quarrying has becn carried on from time to time. In the 
raviue directly south of' Angular there are a ullll1bel' of 
descrtcd quarries, tfhe rock has been remoyed up to the 
limits of the ground OWllClI by the quarrymen. On 
..Angular, :Maplc, jUaiden Lane and Division streets COll-
siderable qual'l"ying has been curried on by the city in 
grading, llHllly of the cuts being from twenty-fh'e to thirty 
feet deep. 'l'he rock taken out has heen used largely for 
city improvements. 
At the head of :Maple street just west of' Boundary is 
located the Hoppmanll qual'r,);. 'rhis is a small opening' 
in the Upper Burlington giving the following section: 
Sedion at IIoppmunn Quarry, DOl'llel' of -111aple ami J.1Iu!J 
Street .... 
4. Loess .......... . 
3. Drift .. 
2. Limestone, white, thinly bedded, rather brittle ... 
I. Limestone, white. rather hea\·ily bedded (exposed). 
In nnothel' pIneo in what is prnctically the same quarry 
the rock has been taken out up to the limits owned. Here 
the stone appears to he of n somewhat better qUHlity. rrhe 
quarry is deep and takes in a six-foot ledge of white lime-
stone. 
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Of the two city quarl·ie. which have been opened on 
lIaidon Lalle, ono is at the intersection of Boundary nnd 
the the other at Seventh street. The formel' is in n white, 
brittle limestone, ruther thinly bedded 8ml of not yel'y 
good quality. 'fhe second cut is about twenty feet deep 
und pusses through o' good ledge of white limestone. The 
section is 8S follows: 
City Quarl'Y, neal' ,llaiden Lane a",l Seventh Street •. 
FEET. 
6. Loess ........................................... . 
5. DrUt .•..•..................•• , ...••.•..•...••.... 2 
4. Limestone, white, rather brilLle, thinly bedded ...•• 
3. Limestone, yellowish. heavily bedded •..••.••...•. 
2. Limestone, poorly bedded, with considerable sandy 
<:lay and chert, ............................. . 
I. Limestone, white, solid bed ....................... . 
The rock taken out of number :3 is llsed largely for 
curhing amI other )Jurposes where dressed stone is 
required. .Number 1, may be taken out in blocks of 
almo.t any desired size and is used for heavy masoury and 
dimension work. N urn bel' <1 is used chiefly for macadam. 
A quarry quite similar to the last was opened some years 
ago on the cornel' of Seventh aud Division streets but it is 
now deserted. 
On [Sixth street south of Division a cut exposes the 
Uppel' BUl'liugton resting upon the uppel' portion of the 
LoweI' BUl'lington. 
Road Ouiting, SixtT" Street, COl"ltel' of Di·vision. 
FEET. 
8. Loes5............................................. 6 
7. Drift ............................................ I 
6. Limestone, white, thinly bedded •..•....•• ,........ 6 
S. Limestone, white, beavily bedded.... •..••....•.... J 
4. Limestone, impure, containing considerable cia)' and 
chert, with a flint band below ................. . 
3. Limestone, brownish, with more clay and chert ..•.. 
2. Chert .......................................... . 
I. Limestone, yellowish, with numerous bands of chert. 
OASCADE QUAHHmS. 4G9 
Directly east, on the north side of Fifth street, COIl-
sidcl'I1ble qunl'l'ying hns also been done. Good sections 
are still to be seen, but the work of getting out the rock 
has been abandoned all account of' lack of tCl'l'itOl'Y' 
On :Mnple street, between Third and Fifth stl'cets, the 
city has quarried rock in opening the stl'eet. On the cor-
ner of Third and :Maple is the Loftus qU:l1'l'Y which is now 
descrted. It is chiefly in the Lower Bul'lington and pre-
sents at the bottom II heayily bedded limestone eighteen 
fPoet in thickness. 
Section at Loftus Qll(llTY, Corner ScvcntTl (pul Jlfaplc 
St/'eets. 
5. Loess .....•.•.... 
4. Drift ....... 
3. Limestone, somewhat impure, with bands of chert .. 
:2. Chert... . .................... .. 
l. Limestone, buff, heavily bedded .. .s 
Five blocks rlirectly south of' the cornel' of 'rhil'd Hlld 
Locust streets is u dcsel"ted qUHI'l''y in the Lower Burling-
ton; and thrce bIock:-: beyond on South strect is a road 
cutting from which considCl'uble rock I1HS been taken out. 
A short distance still further south on both sides of a 
small ravine opening to the cHstward, considerable quarry-
ing has been done from time to time, but at present no 
work is being carl'ied 011. One-}wlf a mile southwest of 
the last named locality is the nEllel' qual'l'Y, which is 
located in the Upper Burlington limestone. r!'he prin-
cipal excavation is at the cornel' of Lynn and Seventh 
streets. 
About two miles south of the Union station on the bor-
ders of a smaH stream called" Cascade," seyeral large 
qUf!.l'ries arc in opet·ation. On the south side of the main 
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creek arc two large openings known as the Miller quarries 
(Tp. 69 N., R. II W., sec. 16, NW. qr., NW. !). The 
quarry fnce is over fifty reet high nnd presents an almost 
complete section of 'the Upper Burlington. 
Sectioll at tlte llIiUer Quarry, at Casca<ie. 
PEET. 
S. Loess ......................................... J2 
7. Drift ............................................. J. 
6. Chert and fragmentary limestone, irregularly bedded. 8 
s. Limestone, white, \\ith bands of chert.............. 6 
4. Limestone, white, heavily bedded ................ . 
3. Shale, argillaceous, blue ....................... .. 
2. Limestone, white, solid bed... ....... ............. . 5 
I. Shale, blue (exposed) ............................. 4 
On the opposite side of the· ravine, to the north, are 
two other extensive quarries known as the Ervin. (Tp. 69 
N., R. II W., sec. 9, SW. qr., S'V. t). Several small open-
ings also exist a short distance to the west. A third of a 
mile to the east at the pit of the Granite Brick Company 
there is from forty to sixty feet of Burlington limestone 
which must be removed in order to reach the underlying 
shale. The complete section at this point is something 
over one hundred feet. 
Two miles south of Cascade is the "Picnic Point" 
qnarry. }Iost of tbe ontpht is used by the government for 
improvements along the river. The rock as it is taken out 
is loaded on barges. The opening is in the Lower Burling-
ton and reaches down to the oolitic bed of Kinderhook. 
One of the largest quarries in the county is a mile 
south of the last named locality (Tp. 69 N., R. II W., 
sec. 29, NW. qr., SW.!). It is known as the Kemper 
ol,enillg. About thirty feet of rock is exposed, entirely of 
the Lower Burlington. The lower half of tbe exposure is 
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heavily bedded Hnd fUl'Ilishcs a good grade of matcl'inl fOi' 
dimension work. It is shipped to Burlington, li'ort ~Ind­
ison, Keokuk amI other plnees. rfhc uppcr fifteen fect is 
not of so good quality as the lower nnd is used chietty for 
riprap along the Mississippi rivc1' wherc it is distributed by 
govcrnmcnt boats, A mile to the wcst, neal' I)atterson 
station, is a small quarry of similar rock, and a short dis-
tance beyond on SPl'jug creek stone is taken out along the 
edge of the stream, 
rl'he quarries thus far lnentioncd in l~lIrlillgton tOWII-
ship arc al1 south of Hawkeye creek. N ortll of'the stream 
in thc northwestern pm't of Burlington several sIUall quar-
ries hu,'e been opened foJ' loenl use. A number of open-
ings havc heen made in the brow of North Hill, but most 
of these are now abandoned. Hock is also taken out for 
building purposes along Flint riYer in the neighborhood 
of Starr caye, but these quarries arc of small importance 
at present. rrwo miles northcllst of the last mentioned 
localities, on the Burlington, Cedar Rapids and N orthCl'll 
railway small quarries haye bCl?l1 opened in the bed of thc 
small streum up whose valley the railroad runs. 
Union 1bwlIsltip.-rrhe quarrying in -C nion township 
is curried 011 chiefly in the western part on Long creek. 
ji'or seyeral miles along the stl'eam the outcrops al'c prac-
tically continnolls. rl'he principal opening is the Stenstrom 
quarry rl'p. 6D N., H. III 'V., sec. 18, NE. qr., N1V. i). 
Along the face of the north bluff there is It continuous 
exposure for fully one quarter of a mile, all of which has 
been 'VOl' ked more 01' less in getting out rock. 'rhe stone 
is I'lithel' thinly bedded above, the yarions luyers being sep-
arated by thin, fragmentary shales, one stratnm, however, 
being two feet in thickness. 'l'he stone is a hard, gray 
variety, with comparatively few organic remains. J ... ower 
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down the beds are encrinital and assume a sub·crystalline 
texture. A good grade of hnihling stone is iU'csellt 
here, but owing to the lack of propel' trntlsportation 
facilities it cannot have the wide usage it deserves. :l\Iost 
of the section appears to belong to the Keokuk limestone. 
One-half mile further down the creck, the Upper Bur-
lington appears in the bed of the stream, A short dis-
tnnce upstremn west of the Stenstl'olll q Harry, is a thick 
sandstone ledge whicl} rises rather abruptly from the creek 
bed to n height of perhaps one huudred and fifty fcet. 
'rhe sandstone crops out nearly to the summit. A small 
quarry has been opened a short distance from the west 
towm,hip linc. The sandstone here quarried forms a fairly 
good building rock. It is dark yellow, rather CO.!ll'se-
grained and quite durable. It may be taken out in large 
angular blocks of almost any rcquit'ed size. There seems 
to be but little doubt tlmt the rock belongs to the Coal 
!leasures. 
In ~he south vart of Union township at yurious points 
at the foot of the bluff' quarrying in a small way is canied 
on to supply the l'cspectiYe neighborhoods with material 
for foundations . 
.Augusta, Township.- The chief quarries aI'e in the 
immediate vicinity of the town of Augusta, in a small 
ravine at the west edgc of town and directly north of the 
wagon bridge across Skunk river. A considerable section 
is exposed showing the :Montrose cherts, the underlying 
Upper Burlington and overlying Keokuk beds (section II). 
A good deal of rock has also been quarried in the lower 
beds at this place aIHi in the bluff's on the south side 
of the stream, Small quantities of rock have also been 
removed along the bluff between Augusta and the west 
county line, nIl of it being from the Keokuk limestone, 
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''l'hl'CC milcs nOI·thwcst of Augustu· on Long crcek 
(Tp. 6fJ N., R. IV W.,sec. 10, NE. q"., NE. t), a small qUIII'ry 
hus been opened in the Suint Louis limestone. 'l~he fuce of 
the qmu'l'y is not 1110l'C thun eight or tcn foct. The I'ock 
is a fine-gmincd, compllet, white limestone, rathcr thinly 
bedded. It is romoved in IIlI'ge lings from two to five 
inches thick .. Half" II mile to the ellstwllrd the Saiut Louis 
is also exposed fOI' II considerable distance in the creek 
beds. Further down the stream it is O\'erlain by n f'e\v 
feet of white marly clay. At the extreme eastern edge of 
the township, in the ynlley of' the creek, the sandstone 
which has already been mentioned in Union township is 
also qU8l'ric(1 to some extent. 
Danville Townallip.- In the southwcstern corner of 
the township; three miles from the station of Dauville, on 
Cedar creek, quarrying has been carr.ied on to Borne extent. 
The l)l'incipal opening is the Ronnel' quarry (Tp. 70 N., R. 
IV W., Bec. 30, N'V. qr., SE. i). The rock iB n Bandstone 
and is qnarrie,\ to a depth of fifteen feet at which level it 
rests on a bluish limestone. North of this point for a dis-
tance of nearly two miles the rock exposures are almost 
continuous. About one-half mile north of the quarry just 
mentioned a white masshre sandstone crops out along the 
low bluff twenty to twenty-five feet above the bed of the 
creek. The rock owears to be somewhnt more friable 
tbau tb. yellow sandstone already mentioned. A short 
distance beyond (section 30, N"T. q"., NE. !) a small 
quarry. bas beeu opened for 10cII\ usc. The follOlving is 
the section: . 
FEKT. 
3. Sandstone, yellow to white, rather heavily bedded .. 
2. Limestone, compact, fine-grained, bluish....... .... 9 
I. Shale, bluisb ................................ ·..... 1 
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In the extreme nOl'thcnstcrn corner of the township a 
little rock has becn takcII Ollt for locnl use. The qnarl'Y 
is in the Keokuk Jimcstone. 
1l'lint lliue,. TownsltilJ.-A number of exposures of 
good qunlTy rock nre found in the Flint river vaUey. 
QU81'l'ies have, however, been opened in but few plnces. 
'I'he principal one iR the Loftus (Tp. 70 N., R. III W., 
sec. 25, N'V. qr., SE. i). The stone is well adnpted 
for building purposes and some of the ]uyel's furnish large 
blocks suitnble for heavy mnsonry and bridge piers. The 
opening is entirely ill the Upper Burlington. 
Section at L~ft"s Qua,.,·y. 
6. Loess.. ............ ........ ....... ....•.......... 4 
5. Drift .•...........•..•..................•.••....•.. 
4. Linleslone, thinly bedded, \lith considerable chert.. 8 
J. Limestone, sub-crysta1line. irregular, heavily bedded 
2. Limestone, white, solid bed........................ 6 
J. Limestone, dark gray, somewhat irregularly bedded 
(exposed) .....•.......••..•.•.......... ..... 4 
The surfn .. e of tbe rock after stripping, is fonnd every-
where to be covered with glaCial striations, in a good stute 
of preservation. Latel'ul polishing is also shown. rrhe 
drift o"erlying the quarry rock contoins many striated 
pebbles alld boulders. 
Pleasant Grove Towu8lt~.-The lJI'incipal quarrying 
done is on Cedarcreek, one mile directly east of Pleasant 
Groyc postomce. The exposures arc entirely in the 
U I1per Burlington limestone. Quarrying has been carried 
all for a distance of a mile alld a half or two miles along 
the stream. Near tbe sOllth end of the opening (Tp. 71 
N., R. IV W., sec. 12, SE. qr., NW.!) a more detailed 
section shows: 
PLEASANT GHO,~g QUAHHIES. ·175 
9. Loess and drift ............... . 
8. Limestone, heavily bedded .....•...... 
7- Limestone, rather brittle and poorly bedded 
6. Limestone. white, heavily bedded.. . 
5. Shale, yellow, or calcareous sandstone.; ......... . 
4. Limestone, gray. irregularly bedded. 
3. Chert ....•............•.... 
2. Shale, or yellow sandstone, calcareolls 
1. Limestone, thinly bedded. ............. 3 
'l'his exposure furnishes stone for Plcnsant Grove, 
'Yashington and a large part of'Yellow Springs and 1~l'I1nk­
lin townships. ,York is not carried 011 vcry systematically. 
'l'he exposures are so numerous, that as soon as a consider-
able amount of stripping is required the place is abandone(l 
and another opening is made where the drift covering is 
not so thick. 
Franklin Townsltip.-Although most of the qUllrry 
rock from thiR township is obtained al01lg Cedar creek 
ncar Pleasant Grove, some desultory quarrying is done at 
several points. The principal opening, however, is on 
Flint creek in the southwestern part of the district 
(rl'p. 71 N., N. III ,V., .sec. 32, S~Y. qr., :N'Y. D, where the 
Upper Burlington yields a good stone for ordinary con-
strnctional purposes. 
Yellow Springs Township.-A considerable portion of 
the qUHl'ry rock of this township is obtained from 1)leas-
aut Groye. One mile and a half southeast of :;\le<1inpolis 
a small quarry for local use has been opened in the Upper 
Burlington 1imestonc (r:rp. 72 N., H. III ",Y., sec. 36, SE. 
qr., .N1V. i), in the Ynlley of a small creek. The expos-
ure is a'bout ~jght feet in height. In the nOJ'thcclItml POI'-
tion of the township the Upper Bllrlillgton is 1I1so quarried 
for local use. The principal opening heing between Lin-
ton and Northfield ('1'1'. 72 N., R In IV., sec 2, SW. qr., 
S,V. fl. In the vicinity of Northfield there arc also 
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numerous good exposures of rock along the creek west of 
town. A mile to the north (Tp. 72 N., R. 11 W., see. 6, 
N"T. ql·., NE. !) a quarry has been opened in the Upper 
Burlington affordhig a face of about ten feet of grny, 
ruther helwily bedded limestone. The Lower Burling-
ton is also cxpo~ed near by. 
Htu'on TOW1ZSllip.-A short distance west of the Huron 
posto1lice is the ~Iississippi escu)'pment which presents 3 
bold exposure of UPller and Lower Burlington. A qUlll'ry 
has been opened here in .the extreme southeasterll corner 
of section 14, in the Lower Burlington, About twelve 
feet of hea,ry bedded limestone is used. At "arions 
points along the bluff small qUUl'ries have been opened, 
but none are' worked systematically. 
Benton Township.-N 0 regula)' quarrying is carried on 
in this district. The ledges, which are UUlPerous, are 
quarried at various points for local use. 
CLAYS. 
DISTRIBUTION. 
Although clays suitable for the production of ordinary 
brick and drainti1e are fairly 'well scattered over the 
county, those grades which will be used the most are .not 
so widely distributed. There are deposits of two geolog-
ical formations Up011 which special dependence may be 
put for supplying good clays. These are the Kinderhook 
shales and the Lower Coal Measures. A smanamonnt of 
clay might be taken from the Upper Burlington, but this 
can rarely be obtained without quarrying from 10 to 30 
feet of limeroek. The shales of the upper part of the 
A ugusta which Bre exposed in the southweHtern corner of 
the county may also, in time, be brought into use. 
Kinderhook Shules.-These shales are confined in their 
surface exposure to an extremely narrow belt. Yet the 
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quantity present is sufficient to supply the entil'c country 
for centuries. They form the base of the 'Mississippi 
escarpment ulong the entire eastern border of the county, a 
distance of thirty miles. 'VhiIe they may not he fully 
exposed everywhere along the line, the removal of the 
talus at the foot of the bluff will reveal the shales at 
probably eyery point. In many of the smaller streams 
which enter the 'l\lississippi the KillUCl'hook is oftcn 
exposed fOI' a short distance above the point where the 
Wllter COUl'ses cut into the escarpment. 
There is a thickness of oYer 200 feet of the shales at 
Burlington, three-fourths of which iR below the J'i\'el' leyel. 
T~le only place however wherc they are used foJ' making 
clay products is at the" Cascade" two miles helow the 
city of' Burlington. Beneath the upper thirty feet, which is 
too sandy for use, the best argillaceous portion has a thick-
ness of about thirty-five feet, This is 11 gray Ol' bluish 
ashen, rather massive bed, exhibiting few indications of 
lamination. Immediately below is what is called tire 
clay, which may pro\-c I'cfJ'actory enough to permit the 
construction of crucibles and fire brick. 
Augusta Beds.- Since the ...r'lngnsta formation is 1111ll1e 
up largely of limestone there are fjlight chalICes for the 
o~currence of extensive clay deposits which would be suit-
able for mannfacturing it into a high grade of clay products. 
The clay beds which occur between the limestone layers 
aTe usually very thin; thongh one is known to be at least 
four feet in thickness. It could probably be readily milled 
if it should prove to be of goo{l quality. One of the best 
ontcrops of the bed is at the ?tliller quarry above the Cas-
cade, south of Burlington. In the southwcRtern part of 
the county the shales of the extreme upper part of the 
formation might be utilized, yet tim existence of practically 
33 O. Rell. 
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inexhaustable supplies of a much better grade of clay near 
the known exposures precludes the idca that they wiII 
eyer he lU:lCd very extensively. 
Coal Measures.-The Upper Carboniferous formation 
have an areal extent in Des Moines of only a few square 
miles. There is but a single locality now known, and this 
in the extreme southwestern corner of the district. The 
deposit is • smaU oval outlier which lies partly in Des 
Moines and partly in Henry county. Over thirty feet of 
nrgillnceous shales are disclosed at one point in a single 
section. A thin coal seam has been worked in the same 
vicinity (Tp. 70 N., R IV W., sec. 5, NW. qr., NW. i). 
Fuel was taken out as enrly as 18M. Besides supplying 
unlimited quantities of ra~ material for draintile and 
building brick a three and one-half foot bed of fire clay 
is present, capable of being tmnsformed into fire brick or 
after washing into the higher grades of refractory products 
and pottery. 
Till.-The· superficial deposits consist largely of the 
boulder clay in which are frequently sand and gravel 
beds. Two rather weU marked phases are shown in some 
plnces. One is the widely prevalent yellow variety and 
the other is red to brown in color. The latter is well 
exhibited in the neighborhood of Burlington where it has 
been exposed ill many street g1'8dings. It lies immedi-
ately beneath a red graveUy clay upon which rests the 
loess. As it is rathe.· plastic aud contains a large per-
centage of iron oxide it would serve excellently for mak-
ing brick and tile when free!) from the concretions of 
lime which it beal's. 
Loess.-This fine silicious clay is found capping the 
bluffs in mnnyparts of the county. In the vicinity of the 
lIississippi river the loess resembles more closely than 
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elsewhere the typical deposits of this formation; orer 
the inland it appelll'B somewhat altered. 
AlluviwJl.-'Yhcl'cYcl' shown along the streams the 
material is well adapted to the manufacture of common 
brick. 1Vitll the other good clays at hand the nlluviulll is 
not destined to come into extensh'c nse fol' making build-
ing material. 
cr,A Y lNDUS'rIUES. 
B1l1'linflton.-The sources of raw materials fonnd in 
the neighborhood of the city of' Rurlillgtoll have already 
been referred to nt length. rrhe most extensive opera-
tions are carried on by the Granite Brick Company, 
wllOse plant is located at the Cascade immediately ~onth 
of Burlington on the riYer bank, a distance of' two miIes 
below the Union railway station, and on the line of the 
St. Louis, I(eoknk and Northwestern railroad, a purt of 
the Burlington system. An extensiye vertical exposure 
is presented at the pit from which the materiul is obtained. 
The details, according to Mr. E. H. Lonsdale are: 
Section at Clay Pit of Granite Brick Compwl}/. 
15. Loess, reddish .. 
14. Chert, white ...... . 
13. Limestone, white and brownish. 
u. Shale parting. 
Shale, arenaceous "sandstone" .. 
Limestone, hard, fine-textured 
9. Shale, arenaceous, compact, "sandstone" 2 
S. Shale parting ..... . 
7. Shale, arenaceous, "sandstone·' ..... 
6. Shale parting .... 
5. Shale, compact, "sandstone" _ ..•. 
4. Shale: very compact and massive .. _ ... 
3. Sandstone .......•......•.... 
2. SJmle, massive, silicious..... ........•. 7 
I. Shale, massive, argillaceous .. 
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Except when number 1 is used, in which case a siliceouR 
]oess~like clay is mixed, aU the material taken out is from 
the Kinderhook beds. Beneath the lowermost stratum 
given in the section the shale is too refractol'Y to set've for 
pavers. The treatment of the clay that comes from the 
pit is essentially as foHows. The shale, as it is quarried 
is loaded on small cars which are drawn up a steep incline 
and dumped into'a dry pan having au eighth~inch screen. 
The pulverized material is then elevated to a Frey-Sheck-
ler pug mill and from thence into an Improved Acme of 
the same make. As the cylindm's of clay issue from a 
double dye they encounter a -fotary cut off. The green 
brick are transferred to a large furnace-heated floor where 
they are allowed to dry a day or sometimes a day and a 
half before firing. There are five Eudaly kilns having a 
combined capacity of 105 000 brick. 
In the southern part of the city, on the corner of 
~Ioltke and Wilhelm streets, is the Kupper brickyard. 
"The Ohio" machine of Fate and Freese make is used. 
The material worked is the upland loess of the district and 
is lemoved for a distance of three or four feet. The moulded 
brick are dried on shelved racks. 
In the north part of Burlington, at "Sunnyside," is the 
Ritter yard. Sand-rolled hrick are made and the output 
is quite large. The material used in making the brick 
appears to be a modified loess and is used to a depth of 
from three to five feet. The green brick are spread in 
the yard 01' in roofed sheds to dry and afterward burned 
in ordinary temporary kilns. In addition to the regularly 
s~}aped brick there is moulded a form with one corner 
rounded. 
The Schott yard has recently been opened on Osborn 
and Bernard streets. Ashen or white loess is used to a 
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depth of about four feet. The moulded brick are dried on 
the ground. 
J.llccUajJolis,-'rhe J ohnsan Brick amI Tile "r arks are 
situated a short distance north of the railway station. 
Operations have been carried on successfully for t1 period 
of more than ten years. The clay which is obtained near 
the factory, is un ashwcolol'ed loess, having a thickness of 
about. eight feet. Beneath it nine feet of till is used; 
then comes gray drift and finaUy the blue boulder clay. 
Bed l'ock is encountered at a depth of thirty feet. From 
the pit the material is conveyed to a Penfield smooth 
roller and from thence to aNa. G Brewel' machine. 'fhe 
moulded product is raised to the second floor of the shed 
and dried. Three kilns arc in usc; one a Swift, and thc 
others ronnd, down draft. Foul' days are required to hurll 
the tile and over a week for the brick. 
One and one-half' miles north of :Mediapolis the Bur-
lington, Cedar Rapids and N ol'thern Hailway Company 
established a station for burning clay for ballast. rrhe 
material use{1 was the ashen loess .similar to the clay at the 
surface at the Jolmson plant. Operations were only carried 
on for a l)eriod of four months! though during this time 
enough clay was treated to ballast oycr ten miles of track. 
It appears that the methods of bnrniJlg the clay were not 
fully understood and consequently all of the material was 
not thoroughly prepared. 'Vith proper treatment the clay 
would doubtless be well suited for the purpose. 
Jf"ossuth.-Bl'ick making has gone on in this vicinity 
fol' some years. rrhe Pratt yard makes a saud-rolled brick 
from an altered till. The clay is dug only to II depth of 
about one foot., below which the deposit becomes jointy. 
The product is burned in eased kilns. 
482 GEOLOGY OF DES MOINES OOUNTY. 
A mile south of the town i. the Lundeen Brick and 
Tile Factory. The raw material used i. similar to that 
taken out at the Pratt yai·d. The output is chiefly three-
inch tile. It is burned in an updraft kiln. 
PUlTi.l,.- 0ue of the oldest clay coucerus in all south-
e.steru low. is the )Ielcher Pottery, which is situated iu 
the south western corner of the connty (Tp. 70 N., R. IV W., 
sec. 31, west half). ~fanufacturing of clay goods hus been 
carried on here almost uninterruptedly for nearly half a 
century. The material used is f.'om the Coal bfeasures, 
a~c1 is obtained from two localities, one about a mile north 
of the factory and the otber • short distance south. At 
the former place the tshale is gray or white becoming 
darker helow. 'I'be thickness of tbis stratum varies from 
three to five feet. Tbe usual combination is one part from 
the first pit and two parts from the second; and very 
satisfactory results are thus obtained. 
Before moulding, the clay is cleaned; a process which 
consists in agit ... ting the wet clay in a tub in which is SU8-
pended a rotating harrow. After being thoroughly stirred, 
tl1e clay held in suspension is passed through fine screens 
into vats and dried, and afterwards pugged in an ordinary 
mill. Four turning wbeels and one jolly are in op .. ·a-
tion. In the summer the green products are dried in the 
. suu; iu wiuter on furnace-heated 1\001"8. Albany slip is 
used ill giazing. There are two kilns; a Howard ·patent, 
with a cap.city of 3 800 gallons, and au ordinary potter 
kiln holding 2000 gallons. All the common articles issu-
ing from potteries are made. The largest sized ware is the 
fifteen-gallon jar. Some experimenting in glazing with a 
Coal ~Ie.sure clay from a five-foot bed uear the Skunk 
river, n short distance to the south, has been carried on 
with partial success, The results make it appeal' not 
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improbahle that with certain admixtures the material may 
yet he used acl\-antllgeollsly, and n glaze produced not 
inferior to that l1t present obtained. 
COAL. 
The coal-bearing strata of Iowa reach Des ~Ioines 
county only in isoluted busins. ffhc district is too fur to 
the eastward to expect very extellsh'e deposits of cnrhon-
nuccons material as a part of the Iowa field, and not quite 
far enongh east to come within the Illinois area. The dis-
trict is .thus situated between two large coul producing 
regions whieIl touch its borders but which do not as yet 
allow fuel to he taken out in commercial quantities 
within its boundaries. 'Vith the exception of a few square 
miles the enUre area is covered beneath the drif't mantle 
by strata which are older than the ConI ~reasnl'es and 
which therefore He heneath the productive heds. 
The coal measures consist chic-fly of dark and light 
colored shales, Imel brown ferruginous sandstones. Occa-
sional nodular bands of dark calcareous rock occur 
immediately myel' the coal seams. rrhe only slmles \rhich 
are likely to be mistaken for coal shales arc the Kinder-
hook beds. In the vicinity of Burlington several shafts 
have been sunk at difrerent times into these layers with 
the hopes of obtaining coaL Somc at' thesc excanltions 
have reached depths of forty to fifty' feet hefo.·" the 
enterprises ,yere given up as fruitless. In all of these 
cases a considerable expenditure of time and money was 
wHsted in places which were entirely below the coal-bear-
ing beds. At other places in the coullty similar searches 
after mineral fnel haye been undertaken with like results. 
As stated in another place, the limited areas of Coal 
~feasure rocks which OCellI' in the connly nrc found in 
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depressions in the limestone floor; depressions which 
were Ollce ancient "alleys 01' l'ayines e:x;cayoted in the hard 
bedrock by old water COllrses that existed preyious to the 
laying down of the conI strutn. 
'1'he "oriOllS basins now isolatml may haye been at one 
.time cOllnected and subsequently the strata eroded until 
now only occasional remnants nrc left. The ouly areas 
of Coal Measures at present known in Des Moines county 
nrc in the southwestern part. Others may occur in the 
western half of the district, in the central and northern 
portions amI in all probability '\0 exist, though as yet they 
have llot becn located, - It would not be at all surprising 
to find at no distant duy several such pockeb5 containing 
conI seams of sufficient thickness to be profitably worked 
and to afford supplies for localnse. 
The most extensiye deposits of Coal Measnres now 
known in the district are two miles northeast of Augusta. 
The. exposure is largely a buff to brown san~stone, mas-
sive, firm, and homogeneolls in its texture, It rises in 
hold almost peq,endicula.· cliffs aud is thought to have a 
thickness of more than one hundred feet. Its base has 
not heen ohseryed so that it is not known wh~ther shales 
and coal are associated. It probably represents the hasal 
snndstone of the Coal Measures in tIds reg~on, in which 
case the carbonaceous layers, if any exist, are to be looked 
for toward the top rather than at the bottom. The position 
of the outcrops is such thllt with very little trouble tests 
.conJd be made to find o.ut whether or not coal exists at the. 
base of the sandstone, 
The most iml)Ol'tnnt outcrops and the most hopeful 
from all economic- standpoint nrc on Cedar creek, about 
three miles southwest of DmlYille station on the Chicago, 
Bllrlington and Quincy railroad. The area covered by 
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Coal :Ueasure shales and sandstone comprises a number of' 
squul'e miles, part lying in Des Moines and part in lIenry 
county. 'l'he best section now expo~iCd is on the Jester 
place ('rp. 70 N., R. IV lV., sec. 5, :N1Y. ql'.), where four-
teen inches of coal may be seen. 
MINERALS. 
In addition to the mineral deposits which arc now oper-
ated on a commercial !:;cale, and which have been already 
described, there nrc a number which nre known to occnl' 
within the limits of the county but which arc not yct 
worked to any extent. ~Iost of these probably are not 
sufficiently abundant to he profitably minod, but some of 
them doubtless will prove eventually to be comlllcrcially 
valuable. 1Vith others there is small hope of their ever 
occnrring in sufficient quantities to pay for the time amI 
money expended. Yet, periodicany more or less excite-
ment bursts forth over some reputed discovery of gold, 
lead or other mineral. 
(Jopper in the native state is found in Des n[oincs 
only as erratic fragments in the drift, having been trans-
ported from the far north by the glaciers. 
Gold likewise occurs only in small qnantities. It is 
often concentrated by running water from t.11e drift and 
accumulates in the stream beds in suHicient quantities to 
be perceptible after panning. Sturr cave is the Iwincipal 
place where the yelJow metal is reported and from time to 
time such reports lead to a working of the gravels for 
several days at a time. rrhere are similar sands and gravels 
in different parts of the distdct which yield small amounts 
of gold. But it is hopeless to expect that paying deposits 
of this mineral will be found. 
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Zinc.-Sphnlerite, or zinc sulphide, is occasionally 
fonnd in small crystals in cavities in the limestones. The 
samples are of interest chiefly as mineralogical specimens. 
P!trite.-The sulphide of iron, while abundantly and 
widely distributed ill minute crystals through certain 
rocks, is neyer found in large enough deposits to make it 
commercially valuable. In the Kimlerhook shales it is 
found usually in small bolls from the size of shot up to 
three or foul' i,nches in diameter. Many of these masses 
consist of aggregates of small crystals with bright f.ces. 
Frequently also the CI·Ystals occur singly. The crystal-
lographic hahit is commonly the octohedron modified 
slightly by the cubic faces. Sman omolInts are also found 
in the bituminous sholes of the southwestern port of the 
. county. 
-.1lIaI'Cllsite, which is another form of iron sulphide, also 
occnrs in some of the sholes hut it is not nearly so widely 
distl·ibuted as the pyrite. 
Gale1la.-The common are of lead is found in the same 
way as the zinc, small masses scattered through cavities 
in the ]imestone. It rarely is of interest from a miner-
alogical standpoint and is of no value economicaIly. The 
reports of the finding of this mineral in paying quantities 
in Des Moines have been frequent, but all have thus far 
proven false .. 
Quartz, though usualiy widely distributed, is of rare 
occurrence in the district under consideration an"d is found 
as small crystals and masses in limestone cavities. None 
of the quartzose sands are sufficiently frccfl"om impurities 
to permit their nse for making glass. 
Limon.ite exists in small amounts as a pseudomorph 
after pyrite. 
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IIclIwlile is llOt. found iu qnantities of commercial value, 
though frequently occurl'ing ill some of the ConI )Ieasure 
soudstones in apparently considemblc quantities. 
C"lcite is olle ot' the most abumlaut of minerals fouud 
in the region. Aside from its occurring in seams and 
masses through the limestones, it is found in beautiful 
crystals lining ca "ities ill the rock. 
Gypsum oeC111'S only as small crystals ill the Coal 
:Mensure shales of the southwest. 
Epsomite, the sulpllllte of magnesium, or native epsom 
salts, is found at Starl' ca\"c, northwest of Burlington, 
where it accumulates nuder the o\"cl'hallging cl.itfR of lime-
stone along Flint creek. It forms cfllol'escent enm'usta-
tions on the rocks when sheltered from mins. Its. origin 
as givell by White is 88 follows: 
The rock upon which the epsomite accumulates is an 
impure limestone containing also some carbonate of mag-
nesia, together with a smnll proportion of iron pyrites in 
a finely divided condition. It is doubtless by the double 
decomposition of these thllt the epsomite results. By 
experiments with this nath'e salt in the office of the suney, 
a fine article of epsom salts was produced, but the quan-
tity that might be annually obtained there would amollnt 
to only a few pounds, nod of course is of no practical value 
whatever, on account of its cheapness in the market. 
POLISHING MATERIALS. 
An abundance of n white amorphous silicious materiul 
in the rOl'm of chm't exists ill nearly every ledge of 
rock exposed ill the county. At the limestone quarl'ies 
I"'ge amounts of it nre thrown out liS worthless. As yet 
no use is made of the Des Moines cherts. In other states 
these cherts nre ground into a flour-like powder whieh is 
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sold for sCOllI'ing and polishing purposes. Large quanti-
ties nrc also mixed with certain sonps to make them more 
eft'ective. The pure white YOrietieH which ore obtained in 
almost every quarry in the county appear to bc admirably 
adaptcd fOi' this purpose. 
LIME. 
Des Moines couuty is so well supplied with good lime-
stone that it is somewhat surprising that the manufacture 
of lime is not carried on much more extensively than it is. 
Although there m'e a number of lime kilns in the county 
none of them have more than a local output and most of 
them nre idle a good part of the time, In former years 
considerable quantities of lime were burned at several 
points, principally at ;Burlington. In the vicinity of that 
city are seversl old kilns which ore now rarely used. 
Certain of the beds in the Burlington limestone are surely 
well adapted to the manufacture of a good grade of lime. 
-At Hannibal, and especially Louisiana, on the l'Iississippi 
river one hundred miles to the south, -large quarl'ies h~ve 
been opened in identically the same layers that occur at 
Burlington and large kilns orc kept in active operation the 
year around, making and shipping away great quantities 
of a very excellent lime. 
That a good grade of lime can be produced is shown 
by what has been done in ]>I'evious years in the vicinity 
of Burlington, at one or two points on FJint creek, and at 
Augusta, Besides the ordinary limestones of the Augusta 
formation, particularly the Upper aud Lower Burlington 
limestones, there is the buff limerock lying near the top of 
the series which occurs in the southwestern part of the 
county and which ill certain parts should supply. very 
Buperior grade of material for lime. It contains sufficient 
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magnesia to make it especially sought artm' since the 
limes composed of n mixtu1'e of calcareous 8nd magnesian 
elements are usually regarded as very lUuch bottCl' than OIle 
made from the form 01' alone. The white Saint Louis lime-
stone, also exposed in the southweste1'n corner of the dis-
t1'ict., fm'nishes n good rock, lind ill othel' parts of the stnte 
the same stone is used extensively for burning lime, 
ROAD MATERIALS. 
Good highways forOl a pl'Ominent (nctOl' in the Illnterial 
prosperity of a community, and the constantly increasing" 
interest which is being taken in the subject everywhere 
mnkes it importnnt to know .lust what materials in ench 
lo·cality are available for the bettcrment of the roadways. 
Suitable gravels fOl' improving the rand ways occur not only 
along the larger streams but in the drift in "81'i01l8 parts of 
the district. The location of several of these beds is ,well 
known and the quautity fouud is sufficieut to supply very 
eonsi(lernble areas. Other similar deposits wiII donbtless 
be found when the material begins to be used extensively. 
'rhe limestones which are exposed in nearly e\'el'Y 
township afford an abundance of good material for 
macadam and may be widely used. The cost of hreaking 
into suitnble sizes may deter somewhat the extensive lise 
of this material, but with propel' ft}>plinnces and the right 
kind of supervision this could be rea<lily overcome. In 
this cOlIllCction it may be well to state that the chert 
which is so abundant in all the limestones of the region 
might form ail excellent material for rond purposes. At 
all the quarries it is thrown out as useless and it accnmu-
lates ill large piles. It breaks readily under the hammer 
into sizes of the right dimensions, is much harder than the 
limestone, more durable, cleaner, aud on account of the 
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angularities ou the frngmeuts it packs bettm' in the ,'oad-
way, forming a very 6DlOO~h} clean beeL rl'he ease with 
which it yields to hnmmCl' blows, its worthlessness as a 
quarry rock, its hardness, and the cheapness with which it 
Inay be obtained, recommend it for high way purposes. 
Another material which is cm'taillly destined to become 
widely used fol' making good roads, is burnt cluy. It 
forlns a llon.plastic, hard, smooth surface, ulmost noiseless, 
and in ull I'espe~ts equal" to macadam. In other purts of 
the state it Ims been used successfully for private (lI'ivc-
ways. Some of the railroads nre utilizing it extensively 
for bllllnsting the rondbeds, it forming n good elllstic sur-
face, allowing the cars to run with less jar and lIoise than 
with stone ballast, and on the whole CRuses much less 
wear in the roIling stock, Much of the·drift and nlluyial 
clay is well adapted for thiause, Aside from its cbeap-
ness and ease in preparing and handling, it has the great 
advantage of usually occurring in localities where few or 
no rock exposures exist. 
SANDS, 
Sand for building and other purposes may be obtained 
from several geologicnl formations. Commonly it is taken 
from the bars in the strenms, At Burlington, ",hm'e the 
channel of the .l\Iississippi comes up to the very foot of the 
escarpment on the west side of the river, the sand used is 
dredged lip from the bottom of the stream and carried 
ovm' to the city in barges, .As a rule the rh'c,:. sand is 
quite clean, sharp and well adapted for mortars of all 
kinds, In the drift deposits numerous lenticular beds of 
fine to coarse saud occur and these are available ill every 
township of the county, Often considerable coarse mate-
rial and gravel are mixed or interstratified with fine sand 
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hut this rarely pl'C\'cnts the hltter from being utilized. 
Certain of the arenaceous strata of the Coal :Measures in 
the southwestern part of the county arc suitable for utili-
zation in building; and the softer sandstones, especially 
the weathered portions from the same formations, HI'C also. 
:lyailable. rrhe upper layers of the Kinderhook arc com-
posed of soft. sandstone, fine-grained and homogeneous. 
rrhey l'endil,Y disillt~gl'ale upon exposure into loose saud 
which often forms a bed a dozen or more feet in thick-
neRS. ouch deposits exist nenl' Starr caye, four miles 
northwest of Burlington. 
WATERS AND WATER POWERS. 
With waters for domestic uses the district is well sup-
plied. The principal stl'eams arc nmoer f:Iiling sources of 
water which may be readily utilized fol' all purposes. 
Abundant springs OCCllr everywhere in the eastern and 
southern portions of the county along the escarpments 
of the }.Iissif;sippi and Skunk rivers, and also along lillint 
creek. rrhcse send forth gushing streams of cold CI''ystnI 
waters. For the most part they are small in size but 
others arc larger and form the headwaters of creeks, which 
do not run dry eyen in periods of protracted dronght. 
N one of the spring water:; contain suJlicient qunntities 
of dissolved saIts to allow them to be called mineral 
,vaters. Many of the springs burst forth from immedi-
ately beneath the Burlington limestone; where these 
occur along the bluffs of the two largest rivers the little 
streams dash along in miniature torrents to the foot of 
the escarpment. The creeks rising some distance hack 
from the eastern and southern bordcrs flow gently along 
until they reach the l})"ow of the clift·s formed hy the hard 
limestone overlying the softer shale of the Kinderhook 
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when they b"eak illto coscodes 01' waterfolls often of' con-
sidemble height. 
III oil pur!s of the county good, clear and a medium 
soft water is readily renche,l by sinkillg wells to moderate 
depths. .As yet no deep wells ha,"e been sunk for artesian 
purposes, but it is quite proboble tbnt pmcticolly tbe SDme 
conditions prevail that exist to the southward in Lee 
connty, at I(eokuk, J\Iount ChiJ'n and Fort Ma{1i~on. 
:Uoreovcr, the depths to which it would be necessary to go 
in order to reach the water bearing strata could not be 
so great as in the neigh boring district. 
The water powers have not been utilized very much. 
On Skunk river, at Augusta, a dam has been constructed 
from which power was sectU'cd for running a mill for 
many years. On Flint riYer also, a small dam bas been 
built. On both of these streams a much greater amount 
of lVat .. · power could be readily brought nnder control 
than is at present. 
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